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P R E F A C E. 


H E deſign of the following 
| Treatiſe is, to preſent. to the 
public a comprehenſive view of the 


preſent ſtate of Electricity, reduced 


into as ſmall a compaſs as the nature 


of the ſcience would admit. It is 


divided into four parts, in each of 


which are contained ſuch particu- 


lars, as had lèſs Connection with the 
reſt; and the diſtinct view of which, 


it was thought, might be a means 


of preventing a confuſion of ideas 


in the minds of thoſe readers, who 


A 3 before 
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to opinions. 


bility of moſt or "theſe hypotheſes 


vi 7 PRE F A CE. 
before have n ot been muck! { conver- e 
fant with the ſubject. * 


11717 " 


The farſt part treats of the laws 
of Electricity only; 5. e. of ſuch 
natural laws concerning Ele@ricity, 
as by innumerable experiments, have 
been found uniformly true, and are 
independent on any hypotheſis. In 
this part, the Author bas not de- 
ſcended to any particulars, which 
were not clearly aſcertained, or Which 
were inconſiderable; but he Has, at 


the ſame time, Aken care not to 
omit any thing material, or „hic 


ſeemed o Promiſe future dit- 
IG nt a 
coveries. | | 
3 ,215120:.19: 254 4tu; 
"FE ſecond part is merely hypo- 


thetical; relating not to facts, but 
The great improba- 


determined 


6. 
; 
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"INE NP} the Author to render 


1 this part of his work as ſhort as 
poſſible. 


Hy 


The third part contains the prac- 
tical branch of Elcaricity, Here 
the Author has taken care to inſert 
a deſcription of all the new improve- 
ments in the apparatus; which ſerve 
to leſſen the expence of it, and at 
the ſame time, to facilitate the per- 
formance of the experiments. As 
to the experiments themſelves, he 
has chiefly inſiſted on a few princi- 
pal ones, which ſeemed moſt ne- 
ceſſary to illuſtrate and confirm the 
laws of Electricity; ; omitting a great 
number of others, - which he has 
met with, as they appeared to be 
only variations of the former. He 
has however given an account of 
. ae which, though not ab- 

44 ſolutely 
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ſolutely neceſlary, Ted "wn 4 
GRE of notice; ; 


The fourth and laſt Rs contains A 
a brief account of the principal ex- 
periments, which have been made : 
by the Author himſelf, in purſu- 


ance of what occurred to him in the 
courſe of his ſtudies in this branch 
of philoſophy. In ſthlis part he has 
omitted to mention, not only thoſe 


attempts, which did not produce 
any conſiderable effect, but alſo the 


innumerable conjectures he formed 
about them and others, not yet 
brought to the teft of” n obſer- 
vation. an 8 AAS? 


- * 
+8 1-4 e444? 


The We takes this opportu- 


nity of acknowledging the obliga- 


tibrs he is under to ſeveral of his 
eee for vuridus expe- 


10 riments, 
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riments, and remarks, communicat- 
1 ed by them; and particularly to the 
late Mr. WILLI AI HzNLy, who did 
as much as laid in his power to in- 
form him of every particular, which 
he thought would * and em- 
n che work. wo. il 


* was a 8 to 
point out thoſe gentlemen, /whole 
experiments and obſervations intro- 
duced in this work, were before 
well known to the world; for 
which reaſon the Author has con- 
fined himſelf to the mention of the 
names of thoſe perſons, whoſe ex- 
periments were new, or not com- 


monly noticed by the writers on 
my —_ 


This focund: Tr . va- 
rious additions diſperſed through- 


Out 


x PREFACE. 


out the work, is enriched by an 
Appendix, containing various in- 
tereſting particulars relating to 
Electricity. 


To render the Treatiſe more in- 
telligible and uſeful, four copper- 
plates are added to it; and a copious 
index of the particulars which are 
moſt deſerving of attention. 
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INTRODUCTION. 


RTS and ſcience, like kingdoms 
| and nations, haye each in their turn 
ſome happy period of glory and ſplendor, 
in which they more than ever attra& the 
human attention, and, by caſting a ſtronger 
light than at other times, become the. fa- 
vourite object and purſuit of the age; but 
theſe periods are ſoon over, and a few years 
of luſtre and fame are often overbalanced 
by centuries. of oblivion. From under- 
going this fate, ſome ſciences are, however, 
excepted, which, owing to the vaſt and ne- 
ceflary extent of their uſe, and to the 
fruitfulneſs of their productions, are ever 
flouriſhing ; and although once unknown, 
yet when fame had proclaimed their birth, 
or publiſhed their advancement, they ne- 
ver afterwards declined. Of this kind is. 
. one of the moſt pleaſing and 
a . 


itz, penetrating light, Exhibited in number- 
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ſurpriſing among all the branches of naty. t 
ral philoſophy that ever were cultivated by Wt 
man. This ſcience, after it began to ſhew i 
the extent and generality of its power ; 43 
after it was known to be one of the greateſt i 
agents of nature; remained always in 
vogue, was profitably cultivated, irremit- | 
tedly advanced, and is now brought to a 
ſtate, in which, inſtead of becoming ſterile, | 
it ſeems further to engage the general at- 
tention, and to promiſe to its followers . 
more munificent rewards. Optics, indeed, 
ſhews many enchanting and uſeful pro- 
perties, but concerning vifion only ; Mag- 
netiſm exhihits the force of attraction, re- 
pulſion, and polarity in that ſubſtance call- 
ed a Magnet: but Electricity, containing, 
as it were, all within its power; alone ex- 
hibits the effects of many ſciences, com- 
bines together different powers, and, by 
ſtrikinp the ſenſes in 7 particular and ſur- 
ptixing manner, affords pleaſure, and is of 
uſe to the ignorant as well as the pm 
pher,” the rich as Well as the poor, 
Eledricity, we Are "pleaſed with be tr 


„» - - „ » i Mo 


alt & CGY - 


leſs different forms'; ; We admire its. attrac- 
1580 1 tion 


iNTRODUCTIEON: d 


: Wtion and repulſion; acting upon every kind of 
3 body we are ſurpriſed by the ſhock; ter- 
3 WiGed by the exploſion and force of its bat- 
tery; but when we confider and examine 


| | lit as the cauſe of thunder, lightning, au- 


% 


rora borealis; and other appearances of na- 
ture, whoſe-direful effects we can in part 
imitate; explain, and even avert, we are 
then involved in a maze, that leaves nothing 
to contemplate but the inexpreſſible- and 
— _ of admiration and wonder 


. , 18 1 * 


The Alielt acgount We e a 
known electrical effect, is by the famous 
ancient naturaliſt THzoruRASTUs; Whe 
flouriſhed about 300 years before the pre- 
ſent. era. He tells us that anben (Mhoſe 
Greek name is  yaeuTpeyy! and from hence 
the name Electricity is derived) as well dad 
the fyncurmm/*, has the property of at- 
tracting light bodies. Thig was all that 
Was known of the ſubject, or about flif⸗ 
-Otolidq od »s flow eg ta61ongr 3 o An 


It bath been in 2 manner proved, that the ca- 
rium, of  THBOFHRASTUS is the very ſame ſu 

at now goes Linder the nat of Tour mali in; of whic 
ve Wall Möve odealigh bb Tpeik In e eat "of bis 
Treadfe, 211 ine 997 20cm ot Faro 21 
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teen centuries after TuzoPHRAsTUsS; in 
which long period we find no mention in 


hiſtory of any perſon having made any diſ- 


coveries, nor even any experiments in this | 


branch of philoſophy ; the ſcience remain- 


ing quite in the dark till the time of Wm. 
GILBERT, an Engliſh phyſician, whoſe | 
work de magnete, which contains ſeveral | 
electrical experiments, was publiſhed in the 
year 1600; and who, for his diſcoveries in 
this new and uncultivated field, may be 
juſtly deemed the father of the preſent 
Electricity. He obſerved, that the pro- 
perty of attracting light bodies, after rub- 
bing, was not peculiar to amber, or the 
lyncurium z but that many other bodies poſ- || 
ſeſſed it as well as amber. He mentions a | 
great number of thoſe, together with many 
particulars,” which, conſidering the. ſtate of 


the ſcience at that time, may be -deemed 


truly great and intereſting. 


After G1LBERT, the ſcience advancing, 
although- by ſmall degrees, pafled, as it 
were, from infancy, to puerility; many an 
excellent philoſopher undertaking to ex- 


amine nature in this walk: ſuch Was Sir 


FRANCIS 


— — 
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3 Francis Bacon, Mr. BoyLz, OTTo 
4 GUERICKE, Sir Is AAC NzwrToN, and 
3 | moſt of all Mr. HAwWEKESBNE, a perſon te 
Ws whom we are much indebted for many im- 
portant diſcoveries, and a real advance- 
ment of Electricity. Mr. HAwWKESBEE 
was the firſt who obſerved the great elec- 
tric power of glaſs; a ſubſtance, that, ſince 
his time, has been generally uſed by all 
Electricians, in preference to any other 
electric. He firſt remarked various ap- 
pearances of the electric light, and the 
noiſe accompanied with it, together with a 
variety of phenomena relating to electric 
attraction and 8 0 
11 nene 
After Mr. HaAwkzsnkr, the Ou of 
Electricity, however hitherto advanced, 
remaĩned for about twenty years "In a 
ſtate of quieſcence, the"kttention bf phi- 
loſophers being at that time 9 9 in 
other philoſophical ſubjects, which, on 
account of the new difcoveries of the 12 
comparable Sir ISA AC N EWTC V, Were 
then greatly in repute. Mr. Grty was 
the firſt} after this petiod of obltvlbn, to 
bring the Teience again to light. He, by 
1 6 4 7 3 a his . 
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his great diſcoveries, re· introduced it to 
the acquaintance of philoſophers, and from 
him the true flouriſhing era of Electricity 
may be ſaid to take its date. 


The number of Electricians that hath 
been daily multiplying ſince Mr. Grey, 
the diſcoveries made, and the uſe derived 
from thoſe, till the preſent time, are mat- 
ters really worthy of attention, and deſerve 
to be admired by every lover of the ſci- 
ences, and well - wiſher to the human 


Whoever would make himſelf acquainted 
with the particular tranſactions concerning 
thoſe advances, ſhould read the elaborate 
Hiſtory of Electricity compiled by the 
learned Dr. PxIzsTLEY, 4 work that will 


inform him of whatever had been done 


relative to the ſubject till its publication. 


I, for my part, muſt forbear making any 


long hiſtorical detail; this "treatiſe being 
intended to give an account of the preſent 
ſtate of Electricity, in a_methodical man · 
ner, and not an hiſtory, of the ſame... ..Lihall 
in general only obſerve, that although the 


Fw 3 ſcience 
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ſcience had, through the indefatigable at- 
tention of ſo many ingenious perſons, and 
by the diſcoveries that were daily produced, 
excited thg curioſity of philoſophers, and 
engaged their attention ; yet, as the cauſes 
of any thing, whether ſmall or great, 
known or unknown, are ſeldom much at- 
tended to, if their effects are not ſtriking 
and ſingular ; ſo Electricity had, till the 
year 1746, been ſtudied by none but 
Philoſophers. Its attraction could in part 
be imitated by a loadſtone; its light by 
a phoſphorus; and, in ſhort, nothing con- 
tributed to make Electricity the ſubject of 
the public attention, and excite a general 
curioſity, until the capital diſcovery of the 
vaſt accumulation of its power, in what is 
commonly called the Leyden, pbial, which 
was aceidentally made in the memorable 
year 1745.8, Then, and not till then, the 
ſtudy o Electricity became general, ſur- 
prone 5 e and en to . 


5 538 1 1 


* This, great in was, mad * at Vox 
Kizisr, Dean o the Cathedral i in Comin. See the 
third edition of Dr. ramerttvs Hilt, of Elec, 
Per: 'VIKLBER 4k. < 
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houſes of Electricians a greater number of 
ſpectators, than were before aſſembled to- 
gether to obſerye any Saeed ex- 
Fran whatſoever. 


Since the time of this diſcovery, the pro- 
digious number of Electricians experi- 
ments, and new facts that have been daily 
produced from every carner of Europe, and 
other parts of the world, is almoſt inore- 
dible. Diſcoveries crouded upon diſco- 
veries; improvements upon improvements; 
and the ſcience ever ſince that time went 
on with ſo rapid a courſe, and is now 
ſpreading ſo amazingly faſt, that it ſeems as 
if the ſubject would be ſoon exhauſted, and 
Electricians arrive at an end of their re- 
ſcarches: but, however, the ne plus ultra is, 
in all probability, as yet at a great diſtance, 
and the young Electrician has à vaſt field 
before him, highly deſerving his, attention, 
and / promiſing further diſcoveries, perhaps 


equally, or more important than thoſe 
en made. 14 
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WrUNDAMENTAL Laws OF ELECTRICITY. 


| ; & H 'A P. I. | | | 
ontaining the Explanation of fome Terms 
prmcipally uſed in Eledtrictty.” 


1 F- a petſon, holding with one of his 
bands a clean and dry glaſs tube, rubs - 
t with his other hand, alſo clean and dry, 
troking it alternately upwards and down=- 
is ; and after a few ſtrokes, preſents to 

ſmall light bits of paper, thread," me- 
al, or any other fubſtance, the rubbed 
ube will immediately attract them, and 
a B after 


2 A Comyrrett TRITAT IEA 


with violence out of a nll pipe. 


and all thoſe bodies which are capable by 


after a little time will repel them pre- A 

ſently, attract them again; and fo alter- i 
nately continue this attraction, and repul- 
fion, for a conſiderable time. If this tube 
be rubbed in the dark, and, after wing A 
been rubbed; a finger be preſentd ts it at 
the diſtance of about half an inch, a lucid 3 
ſpark will be ſeen between the finger and 
the tube, accompanied with a ins J 
noiſe ; the finger at the ſame time receiy- i 
ing a puſh, as if it was from air ifluing 


In this experiment, the attraction, re- 
pulſion, ſparkling, &c. are the effects of i 
that unknown cauſe called Electricity; and 
hence they are called electrical appearances. 
The glaſs tube itſelf is called the electric, 


any means to produce ſuch effects, - are 
called elactries; and as the rubbing awakes, 
as it were, in them the power of produ- 
cing electrical appearances, they are there - 
fore ſoid to be excited by the rubbing. The L 
hand, or any other body that rubs a 
electric, Is, .called the rubber; and if, in · 
* of the perſon dien the glaſs tube, 


2 machine b 


[ 


C. 


„ .Io4 
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machine be conſtructed eapable by any. 
Ineans to excite an electric, this will be an 
g S&/-Frical machine. 


tf at the end of the tube oppoſite: to 
at that held by the band, a wire of, any 
6| 3 length be tied, ſuſpending a metallic ball 
by 4 at its end, and the tube be excited as be- 
$58 Wore, the metallic ball will, in this caſey 
'- Wacquice all the properties of the excited 
's Mtube, 4. c. it will attract, ſparkle, &c. 

; Nike the tube itſelf, the electric virtue paſſ- 

Pag through, the wire to the ball; hence, 


e 3 he wire is ſaid to be a conductor of electri - 
l Wity; and all ſuch bodies as are capable to 
nd 


4 ranſmit the electric virtue, like the above 
„mentioned wire, are called conductors. 

1% ! | 
" but if, inſtead of the wire, a filk ſtring 
mn be uſed in the above experiment, and the 
tube be excited as before, the ball in this 


u- eaſe will not ſhew any ſigns of Electricity; 
the filk firing not permitting the electric 
Wvirtue to paſs from the tube to the ball: 
© hence the filk ſtring in this caſe, and all 
n'y hoſe ſubſtances through which the electric 


i WW virtue 
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virtue cannot be tranſmitted, are called | 
non-conduttors. * 


A body wing weren upon non- con- 

ductors is ſaid to be mfulated ; fo, in the E 
laſt experiment, the metallic ball was inſu- 3 
lated ; finee it was ſuſpended intirely by 
the lk ſtring, which is 2 non- conductor. 
The bodies which are conductors, and 
thoſe which are non- conductors of elec- 
tricity,” together with their peculiar pro- 
perties, as fat as they are known, will be 
plainly laid down in the following chap- 
ters. 


* : 


. 
* „* 


of ELECTRICAITY-. 


C H A F. By e 


HE firſt and principal maxim in 
Electricity is, that all the known 
bodies in nature are divided into two claſſes, 


ua. Electrics, and Conductors; experiments 
. ſhewing, that whatever ſubſtance is a Con- 
d ductor of Electricity, cannot be excited, . 


I (hence Conductors are alſo called nen- 
( ectrici); and that whatever ſubſtance can 
be excited, is not'a Conductor, (hence 
Eleftrics and Non-condu#ors become fyno- 
nymous terms *.) This maxim, however, 
is not to be conſidered as ſtrictly true and 
general; for in reality we know of no ſub- 
ſtance that may be called a perfect Electric, 
nor of any, that may be called a perfect 
Conductor; the Electric virtue finding 
ſome reſiſtance in going through the beſt 
Conductors, and being in part tranſmitted 
through, 'or over the ſurface of moſt; and 
perhaps all the Electrics, The leſs per- 
fect Conductor any ſubſtance is, the nearer 


* EleQtrics are often alſo called — per 1. 
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it comes to the nature of an Electric; and. 


on the other hand, the leſs perfect Elefrics i 
come neareſt to the nature of Conductors. 
The limits of thoſe two claſſes come ſo far 3 
one within the other, that there are many 
ſubſtances. which may be actually excited, Y 
and at the ſame time are pretty good Con- I 
ductors. If the reader deſires to know 
thoſe ambiguous ſubſtances, he muſt ſeek 
for the worſt Electrics among the Elec- A 
trics, and for the worſt Conductors among 
the Conductors, excepting ſuch on which 4 
the experiment cannot be tried, as fluids, 3 
powders, &c. I 


The two following liſts contain, in gene- 
ral, all the Electrics and Conductors, diſ- 


poſed in the order of their perfection, be- 


ginning in each liſt with the moſt perfect 


of their claſs, In this order, however, il 


the reader. muſt not expect a great exact- 
neſs; that being imprafticable, when ſub- 
ances are ſet under general articles; and 
at the ſame time is of little, if indeed of 
any * whatever. 


= ELECTRICS, 
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1, 
83 E L E C * R 1 = 8. 
| Glaſs, and an vitrification, even thoſs 
* . 
of metals. 
'l All precious ftones, of which the moſt 


4 Wranſparent are generally the beſt; 

All refins +, and reſinous compounds. | 
Amber. 15 1 
8 Sulphur. 

= Baked wood. 

All bituminous ſubſtances, 


Wax, 
Silk. 
Cotton. | 
\ All dry animal dub ances, as er 
N Vool, hair, &c. 
"oF Paper. ' 
n L White ſugar, N77 fugar-candy; 
1 Air. 
5 
* 


+ Under the name of reſins, I would be under- 
Dod to mean all ſuch conſiſtent, oily, vegetable, pro- 
1d * ductions as are inflammable, and not ſoluble in wa- 
of ter; gum-lac, therefore, and all ſuch ſubſtances, 
EE nproperly called gums, are alſo meant under this 
article, Sce Macquerx's Chemiſtry, vol, i. chap» 
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Oils 1. 4 
Culces of metals and ſemi-metals. l 
The aſhes of animal and vegetable ſub- 
I: ſtances. A 


All dry vegetable ſubſtances. 


N All hard ſtones, of which the bardet 3 

i are the beſt, | 

# 2 Manyof the above-mentioned ſubſtantes, 

i and perhaps all thoſe upon which 'the ex- I 

i periment can be made, When very hot, 

= loſe their electric property, and become 
| ; 


; quite, though not equally, good, Con- 4 
14 ductors; fo red-hot glaſs, melted- .refin, 


= hot air, baked wood made very, hots. Kc. il 
jt become Conductors of electricity. Byt it 
Ut 4 ts very remarkable, that the focus of a burn- 

1 |  Ing-glaſs f is not a Conductor of electricity. 

. 3 It has been oblerved, that glaſs, eſpecially 
1 | the hardeſt and beſt vitrified, is often 2 
iq "very bad Electric, ſometimes being quite I 
1 Conductor. The Abbe Nollet and others F 


| have made various experiments relative to 
= xs properey- of glaſs, but without Wer. 


| 22 7 Mr. Civ obſerved electrieal attraction and re- 
13 i pulſion between conducting ſubſtances n dil. 
1 = Pi. wks $ Letters, 1 vol, ii. p. 166. | 

1 mining 


of ELECTRICITY. 9 
mining intirely the cauſes which occafion 
the diffetetcems Glaſs veſſels, made for 
electrical purpoſes, are often rendered very 
good Electrics by uſe and time, though 
they might be very bad ones when new. 
On the other hand, fome glaſs veſſels, which 
had been long uſed for excitation, have 
ſometimes loſt their power almoſt intirely. 
I have twice "obſerved indiſputable & caſes of 
this fort.” 

: Ti 

A glaſs veſſel, out of which the air has 
been exhauſted, on being rubbed, ſhews 
no ſigns of electricity upon its external 
ſurface, but all the electric power appears 
within the veſſel * ; and a glaſs tube, or 
globe, with the air condenſed in it, or 
full of ſome conducting ſubſtance, is in- 
capable of being excited. But a ſolid tick 
of glaſs, of fealing- WAX, Ke. may be excited. 


Although a glaſs veſſel, exhauſted of 98 es 
not ſhew any ſigns of electricity without; yet it has 
been obſerved, that the electric pet of a h 4 
linder is the ſtrongeſt, when the air within it is a 
little rareficd, vir. ſomewhat leſs denſe than, the ex- 
ternal air. See 1 Elettriciſmo Aguigialy of G,B | 
Beccania, $411: 


0 ON DUCTORS. 


1 


* r 


Y 
N 1 
; 
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. 


contain the metallic part in the greateſt 3 | 
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CONDUCTORS; 
Gold. 


Silver. 
Copper. 
Braſs. 
Iron. 
N 
Quickſilver. 
Lead. 9 
Semi- metals. 4 
Ores; of which the beſt are thoſe has A 


— 


A © Il.-tf —_ 


quantity, and come neareſt to a metalline I 
ſtate. "by: 3 
Charcoals, made either of animal or of 2 
vegetable ſubſtances. | I 
The fluids of an animal body, 
All fluids, excepting air and oils *, 
The effluvia of flaming bodies, 
Ice . 


Snow, 


e Salt water is a better Conductor than freſh 
water. 5 

+ Mr. Acnar, being at Berlin, i in the month of 
January 1776, obſeryed, that water froze to the 
twentieth d below o of Reaumur's thermometer 

. a , (which 


FEtLer rer r. 0 
Snow. 3 
Moſt ſaline e 1 of which 08 


etallic ſalts are the beſt. 

Stony ſubſtances, of which the hardeſt 

are the worſt. 

Smoke, 

The vapours of hot water, 

Electricity pervades alſo vacuum, or the 
Wabſcnce of air cauſed by an air- pump, al- 


which anſwers to the thirteenth degree below o of 
Farenheit's ſcale) was an eleQtric,. He tried his ex- 
1 periments in the open air, where he found that a rod 
x of ice two feet long, and two inches thick, was a very 
aperfect Conductor, when Reaumur's thermometer 
Las at fix degrees below o, and that it would not in 
the leaſt conduct, when the thermometer was at 20% 
4 By whirling a ſpheroid of ice in a proper machine, 
oe even electrified the prime conductor, ſo as to at- 
ac, repel, give ſparks, &c. The ice that this 
gentleman made uſe of, was free from bubbles of airy 
I Wand quite tranſparent z to produce which, he uſed to 
et a veſſel, containing diſtilled water, to be frozen, 
Wupon the window of a room, which was rather warm 
Wwith reſpect to the ambient air; where the water be- 
Nen to freeze on one fide of the veſſel, while on the 
cher fide it was fill liquid; in which caſe, he ſays 
chat the bubbles of air, ſeparated from the part of the 
Vater that began to freeze firſt, and paſſed gradually into 
oe liquid part, ſo as to leave a confiderable thickneſs 
r ice quite tranſparent. 
I moſt 


r 
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— 
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hot, in order to free them from every hu- 
-midity; otherwiſe they are ſo far from the 


. 
11 
I 
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moſt as freely as the ſubſtance of a goo 4 1 
Conductor v. 5 5 3 

- Beſides theſe, all bodies, in which more 
or leſs of ſome of the above-mentioned 
Conductors are contained, are alſo pro- 1 
portionably ConduQors; thus, green ve- if 
getables, raw meat, &c. are Conductors, on 
account of the fluids they contain, 3 


From this principle it follows, that all I N 
Electries, before excitation, ſhould be wel! 
cleaned, dried, and ſome made even very 


nature of Electrics, that they become ac- 
tually Conductors, on account of the 


* © T beg leaye to mention in this place, as fa- 
, yourable to this hypotheſis, a moſt curious diſco- 
* very made very lately by Mr. W ALsH who, being 
4 affiſted by Mr. de Luc to make a more perfe& 
vacuum in the double or arched barometer,” by 
<< boiling the quickfilyer in the tube, found that 
« the. eleQric ſpark or ſhock would, no more. paſs 
« through it, than through a ſtick of ſolid glaſs.” — 
Dr. Pa18sTLEY'sExp, and Obſ. on different Kinds of 
Air, vol. i i. p. 284. 

.. moiſturg 


V Errerzieirv. 13 


1 moiſture which they contain within their 
1 pores, or upon their ſurfaces, 5 


ig regard to the conducting power of 
charcoal, it muſt be obſerved, that all char- 
coal will not conduct equally well, there 
being ſome that will hardly conduct at all; 
and Torhetimes is in ſuch” a ſtate, that 
it will afit the paſſage of a large quantity 
of electric fluid along its ſurface, when it 
Vill not conduct it any other way. This 
IT difference, however, is not occafioned by 
the difference of the wood from which the 
c6als" are made, but by the degree of 
heat that is applied in the proceſs of mak- 
ing them; the beſt Conductors being 
ſuch as have been expoſed to the greateſt 
heat *, 


Whether the piece of wood: i in the pro- 
ceſs of coaling is ſuffered to flame, or not, 
is quite immaterial; and the continuance 
of the ſame degree of heat has no apparent 
effect with reſpect to the Nr. N 
of the charcoal. A- 


dJ „As 


P ar. paissrizw's ſecond volume of Obſer- 
vations on different Kinds of Air, Sec. xiv. | 
Te 
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It will not be improper. to, obſerve. in 
this place, the different changes from Con- 
ductor to Non- conductor, occaſioned in 
the ſame ſubſtance, by different prepara- 
tions. A piece of wood juſt cut from a tree 
is a good Conductor; let it be baked, and 
it becomes an Electric; burn it to a coal, 
and it is a good Conductor again; laſtly, 
let this coal be reduced to aſhes; and theſe 
will be impervious to electricity. Such 
changes are alſo obſervable in many other 
bodies z and very likely in all ſubſtances 
there is a gradation from the beſt Con- 
ductors to the beſt Nen ee « | 
en, 
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are the following : 


1 ELzcTRICITY:. Ig 


"NE OC” * 
Of the two Eltricities. 


F, in the experiment mentioned in 

the firſt chapter, the perſon that rubs 
the tube be inſulated, i. e. be ſet with his 
feet upon a cake of reſin, a ſtool with 
glaſs feet, or any other good Electric, ſo 
that the communication between his body 
and the earth be cut off by means of Elec» 
tries 3 and if in this ſituation he rubs. the 
tube with his hand, as before; this perſon, 
as well as the tube, will, in this caſe, ap- 
pear electriſed. If any light bodies be pre- 
ſented to any part of his body, they will 
be attracted and repelled. If another per- 
ſon preſents his finger to him, a lacid 
ſpark will follow, with a fnapping noiſe; 
and, in ſhort, this inſulated perſon, will 
ſhew every ſign of electricity that the tube 
exhibits, But their electricities are not 
the ſame ;; the electricity of the tube being 
juſt the reverſe. of the electricity of the 
perſon: and their particular appearances 


1. Whenever 


[a 
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1. Whenever a light body inſulated, as, 2 
for inſtance, a ſmall piece of cork ſuſ- 3 
pended by a filk thread, has been attracted 1 
by the tube, and after wards repelled, if no 
conducting ſubſtance touches it in this 
ſtate of repulſion, it will not be attracted 
by the tube again. The fame happens 


with the inſulated perſon; for when this : 


light body has been once attracted by any 4 
part of his body, and afterwards repelled, 
it will not be attracted again; but if in 
this ſtate of repulfion the tube be preſented 
to it, then it will be attracted, and that 
violently, by the tube; and when repelled 
by the tube, it will be attracted by the in- 
ſulated perſon. Further, if two or more 
light inſulated bodies, like the above- 


mentioned piece of cork, be ſeverally at- 


tracted by the tube, and when afterwards 
repelled, be brought within a ſmall diſ- 
tance of one another, they will repel each 
other, and, if well inſulated, continue in 
this electrified and repulſive ſtate for a con- 
fiderable time. The fame will happen, if 


they are preſented to the perſon inſtead of 


the tube.; they will alſo, after being once 


repelled by this, repel one another. But, 


10 4 : 
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2 if one, or more of thoſe light inſulated 
bodies be attracted and repelled by the 
tube; and one or more others be attractod 
3 and repelled by the perſon, and afterwards 
4 both or all (i. e. ſuch as were preſented to 
the tube, and ſuch as were preſented to 
1 the inſulated perſon) be brought within a 
Wl ſufficient diſtance of one mother, they will | 
W then, © inſtead of repelling, attract each 
W other ; and inſtead of continuing electri- 
fed, extinguiſh at once every ſign of clec- 
W tricity. Theſe two. cleQricities, there- 
ore, are (as was faid before) the one 
Wj uft the contrary of the other, the one at- 
3 tracting what the other repels ; ; and, as if 
one was an affirmative, and tlie other a 
Negative power, when equal quantities of 
: each are ſummed together, they balance 


5 ech 8 — and oy every en 

h 2. Another chiraReriftit of 25 of the 
n two eleQricities, conſiſts in the appeamnbe 
- of their light. If a pointed body, as a 
f needle, a wire, or the I've, be preſented 
f to the exeitet tube in tlie datk, a lucid 
e globule, like a ſtar, will be ſeen upon the 
5 point; but if this pointed body be pre- 


ſented to the inſulated perſon, then in the 
6 place 


— 
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place of the ſtar a lucid pencil appears, 
compoſed of rays, ſeemingly ifſuing from 7 
the point, and diverging towards the per- 


another, either not electriſied, or poſſeſſed I 
of the contrary [eletricity, ſhews an in- 
diſputable current from the former to the 2 


. perſon, when in the act of paſſing from a 
. not. electrified, or poſſeſſed of the con- [ 


trary electricity, ſhews clearly a current 
from the latter to the former. 


- ſerved in the above-mentioned experiment, 


© at the diſtance of about one inch from ſome part oi 


dark. 


1 


ſon . 


3. Laſtly, in ſome experiments (which 
will be hereafter particularly mentioned, 
and this property better explained) the 
electricity of the tube, when in the act of 
paſſing from a body overcharged with it to 


- 


latter; and the electricity of the inſulated 


body overcharged with it to another, either 


Theſe two electricities are not only ob- 


but in ſeveral other caſes alſo; and they 
always accompany each other; for when 


+ This pencil of rays will ES better, if : 
pointed needle be preſented to the inſulated perſon, 


his body, While be is actually rubbing the tube in ti 
different 


= — 
W — 
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different Electries are rubbed, ſome will 
acquire one electricity, and others will ac- 
quire the contrary; the rubber, if - inſu- 
lated, ſhewing at the ſame time, ſigns of 
the electricity contrary to that acquired by 
the excited electric: beſides: this, almoſt 
all Electrics may be made to ſhew at plea- 
ſure the one or the other electticity, ac- 
cording to the ſubſtance uſed for a rubber. 
Hence the following corollaries may be de- 
duced: viz. 1. Whenever two different 
ſubſtances (being both inſulated, or only 
chat which is a Conductor) are rubbed to- 
gether, except they are both good Con- 
ductors, they will be both electriſied, and 
one acquire the electricity; contrary to the 
electricity of the other. a. Almoſt all the 
Electrics may be made to acquire, at plea- 
ſure, the one or the other electricity, by 


b- | uſing Proper rubbers. 
ey = The firlt of theſe two electricities, i. e. 
en f that poſſeſſed by the glaſs tube in the above 


experiment, as it was thought to be the 
conſtant production of rubbed glaſs, was 
called the Yitreous Electricity; and the 
other, as it was firſt obſeryed to be pro- 
duced by refinous ſubſtandes, was called 
55 C 2 the 
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the Refimous El&ricity. The Vitreous Elec. \ 
"tricity is alſo called Ptrve ot Pl. I 1 
" Ekeiricity, for a teaſdn that will be Senf. 
dered in the courſe of this Treatiſe; "and 1 1 
the Reſinous is called alſo Negative ot Ni. 3 

nas Electriticy. A body, therefore, Poſſeffed 1 
of the Vitreous, Pofitive, or Plus Electri- * 
city, is that which ſhews ſuch ſighs 48 the 
tube was faid to exhibit ; and a body pol. 3 

ſeſſed of the Reſinous, Negative, or Minn: 
Electricity, is that which ſhews ſuch fighs 3 
| as the infulated perſon was ſaid to exhibit A 
= in the uDOve-mentioned r qi 


1 


is Wh thefollowing Table thay be ſeen wh 1 
= Electricity will be excited in different bô- 
dies, when rubbed with different ſubſtances. 
Smooth glaſs, for inſtance, will be found by 1 
this Table to acquire a Poſitive Ele&ricity, 


1 when rubbed with any ſubſtance hitherto 

4 tried, except the back of a cat, (by une : 
= I mean the ſkin of a cat while on the ani- ; 
ls mal alive); rough glaſs, vix. glaſs the poli ; 
1 of which has been deſtroyed by emery 0! EN 
. "otherwiſe, will be found to acquire. the 5 
if Poſitive Electricity, when rubbed with di 
is | eiled fk, ſulphur, &c. and che Negative F 
4 wha 


* 
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yhen rubbed with woollen cloth, the hand, 
c. and 10 of the reſt. 

eure Poe d 


| 1 | Every ſubſtance hitherto tri- 
n I 8440 : rote f ed, except tg ack of a 
4. aeg. 
ed | 5 25111 Of ipobing a ſehr mas 
l- a Rough glaſs Woollen cloth, quills, 


Negative a 3 Wh. 
N 3 n the haman hand. 


'Poktive + :PAniber, air e 2b 2095 
nen . Diamond, the human hand: 
1 Metals, flk, loadtone, lex wy 


bas 74151 Politive” ther; hand; en 
„% eee 


Negative Other iner f 


1662 Fe r. 1 
Poe, hüte 0 3 5 _ 
| Negative enn 


Poktive' Sealing - wax. me 1 
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2 Hare's, weaſel's, and fer. 
( Negative 1 ret's I e "W 


Poſitive Wee 


419909] Hare's, 2 and fer 
Negative 4. \ ret's ſkin, hand, leather, 
Ot wooller cloth, paper.” 
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Negative een, . % got 


2 
n blowing With l pair of bellows upon it. By dl, 
3 means many [EleRtics may be excited, and ſome better if 
4 the air r blown is | hot, although, in both caſes, very little 
F Elearicity can be obtained. 


So 
— 
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far as is known; but this I have thought 4 
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Electric power is the ſtrongeſt, in general 


dies, differing in the ſmoothneſs or rough- 
neſs of their ſurfaces, are xubbed together, 
* ſmootheſt * the Fonte, and 5 


* - — a 
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The preceding Table might have Been I 
much extended, had I choſen to bring into 


it all the minutiæ attending this matter as 


| 


unneceſſary and impracticable, becauſe ex- 
periments of this kind are of ſo nice a na- 
ture, that they require the moſt ſcrupulous 
attention in making them; and then their 
effects depend upon ſo ſmall and variable 
circumſtances, that often the very fame Wl 
Electric, rubbed with the ſame rubber, gives 7 
at one timę figns of one BleYicity, and at 
another time figns of the contrary. © "A very 
little alteration i in the ſurface, a different 1 
degree of diyneſs, and-even a differgnt ap- 3 
plication of the ſame ſubſtances, often occa- 
ſions a difference in the Electricity. I ſhall 4 
only obſerve in general, that as far as may 1 
be deduced from the greateſt number of ex- 
periments, it appears, that when different 

ſubſtances are rubbed together, that wWhaſe 


acquires the Poſitive, and the other the | 
Negative Electricity; and when two bo- 


the 
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he rougheſt the Negative Electricity. 
rheſe two qualities are often to be conſi- 
ered both together; for, except the two 
o dies are of the ſame ſubſtance, as ſmooth. 
ad rough glaſs, white and black ſilk, &c. 
Wt hcy generally differ in both, viz. they have 
ot the ſame electric power, and at the ſame 
time their ſurfaces differ in ſmoothneſs, 

WT his rule, however, is not to be conſidered 
as a conſtant andgeneral one; for, according 
co this principle, it ſhould ſeem, that a piece 
of ſealing-wax, when rubbed with the hand, 


-1 Wor paper, would acquire the Poſitive Electri- 
bf 5 city; but this is contrary to experience . 
7 3 In caſe that two electric ſubſtances, equal 
a-. f 
uin every reſpect, are rubbed together, it is 
co be obſerved that the ſubſtance which ſuf- 
. ters the greateſt friction acquires the Nega- 
1 due, and the other the Poſitive Electricity. 
10 = Suppoſe, for inſtance, that a piece Aof filk 
al be drawn acroſs another piece of filk B, in 
he BY © reſpect equal to the former, ſo that 
LF: the ſurface of the whole piece A, 7. e. of one 


fide of it, be ſucceſſively drawn over one part 
of the piece B, then A will acquire the Po- 
10 ſitive, and B the Negative Electricity. The 
nes 
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reaſon of this may probably be, becauſe the | J 
part of the piece B, over which the piece 3 

A has been drawn, has acquired a greater E | 
degree of heat; for it has been obſerved, i 
that heat rather dif] 1 bodies to be electri- i 


a N Ind ni 1 


: 


UBBING;..as: we. obſerved "before, is i 
the general mean by which all electric 4 
ſubſtances that are. at all excitable, may be 
excited, Whether they be rubbed with 
Electrics of a different fort, or Conductors, 
they always ſhewy ſigns of Electricity, and 
in general ſtronger hen rubbed, with Con- 
ductors, and weaker when rubbed with 
Electrics, | But beſides friction, there arc 
other, means by which ſome: Electrics may 
be enuſed to ſhew electric appearances: theſe 
axe, hy melting, or pouring a melted Electric 
into another ſubſtance; and by heating ar 
:cooling. The particulars obſerved by uſing 
the Hit of theſe twp 1 850 WM fol- 
lowing... 5:11 way 
f 

nolbat þ 4 
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he Lk Calphur be melted in an earthen veſſel, 
ce Wand left to cool upon Conductors: if taken 


out of the veſſel, when cold, it will be 
found ſttongly electrical; but not at all fo, 
Niki be! a to cool upon Electries. 


II bite be melted in laſs veliels; and 
W afterwards left to cool, they will both ac- 
auirea ftrong Electricity, the ſulphur Nega- 
tive, and the glaſs Poſitive; whether they 
be left to cool upon Electrics or Con- 
aductors; however, they always acquire 4 
ſtronger power in the former caſe than in the 
latter, and a ſtronger ſtill, if che glaſs veſſel 


W is coated with metal. It is remarkable that 
55 the ſulphur acquires no electricity till it 
nd 1 begins to col its power inereaſes in pro- 
portion as it contracts, and is the ſtrongeſt 
th ; when in the ſtate of greateſt contraction; 
wr 3 but then the electricity of the urls WT. 18 
4 x at hs ſame tim thie ee. 2 | 
fc g aii 207 gi 
1 þ 


In Ow falptide be FATE into a veſſel 


og of baked wood, "it acquires a Negative, and 
's the Wood a Poſitive Electricity; but if i it 


be pourtd into ſuIphur, or rough glaſs, it 
VIM no ite r wie 
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Melt 
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Melted ſulphur poured into a metal cup, 


and there left to cool, ſhews no ſigns of 1 


Electricity. whilſt in the cup ; but if they 


are ſeparated, they will then appear ſtrongly 4 
electrified, the ſulphur Plus, and the cup 


Minus. If the ſulphur is again replaced 
in the cup, every ſign of Electricity will va- 
niſh ; but if, whilſt they are ſeparate, the 


Electricity of either of them is taken off, 


they will both, on being replaced, appear 
poſſeſſed of that Electricity which has not 
been taken off, | 


; Melted wax, poured-into glaſs, or wood, 
acquires a Negative Electricity, and leaves 
the glaſs or wood Poſitive, But ſealing- 
wax, poured into ſulphur, acquires a Poſi- 
tive Electricity, and leaves the ſulphur 
Negative, 


Chocolate, freſh from the mill, as it cools 
in the tin pans. in which it is received, be- 
comes ſtrongly electrical: when turned out 
of the pans, it retains for ſome time this 

property, but ſoon loſes, it by handling. 
Melting it again in an iron ladle, and pour- 
ing it into the tin pans as at firſt, will for 
once, or twice, renew the power; but, 
; when 


mM  @&o 


-_ > 89» — 


a © „ 


1 
% 

. 

5 N 

3 

\ 2 
* 

* 
W 
x 
+ 


a 
"= 


| HExIx, F. R. 8. 


/ of DLECTRICITY. 27 


when the maſs becomes very dry, and pow- 
dery in the ladle, the Electricity is revived: 
no more by ſimple melting; but if then a 
little olive oil be added, and mixed well 
with the chocolate in the ladle, on pour- 
ing it into the tin pan, as at firſt, it will be 
found to have completely recovered its 
electric power P. 


Now that we are ſpeaking of melted Elec- 
trics, it will not be improper to obſerve; 
that it ſometimes happens, that ſome elee- 
tric ſubſtances, by being melted and left to 
cool, acquire an electrical power, which 
they retain for a conſiderable time, often 
for months together, eſpecially if they are 


| preſerved free from dampneſs and duſt. 


Such effects have ſometimes induced Elec- 
tricians to think, that ſome bodies are poſ- 
ſeſſed of a permanent or perpetual Electri- 
city, which is as inherent in their ſubſtance 
as the magnetic power of a loadſtone: in 


truth, howeyer, no ſuch ſubſtance has yet 


+ The' above remark on chocolate, together with 
the method of reftoring its power by means of olive 
oil, is a recent. diſcovery of — late Mr. Wk 


been 
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been found; and although rofin, ſulphur, 
amber, and ſome other Electrics, ſhew ſigns © 
of Electricity for a Conſiderable time after 
they have been rendered electrical, yet their 
power is continually diminiſhing till it 
quite vaniſhes. It is remarkable, how- ll 
ever, that ſulphur, refinous, and bitumi- 
nous ſubſtances, retain in general the elec- | 
tric power much longer than glaſs, or any 
other Electrics; the reaſon may be, that 
they do not attract moiſture like glaſs and 
vue KL: 
1 If a ſtick af Fi HORS be nn into 
two pieces, the extremities that were con- 
tiguous will be found electrified, one poi We 

ow and the other neganvely. | | 


N 


The n phœ. 
nomena, by means of heatingand cooling, 
was firſt obſerved in a hard -ſemi-pellucid 8 
foſſil, known under the name of Tourma- 1 
lin 1. This ſtone, which is generally of | 


1 This Kone. is called aſchentrici er by the Dutch, 
8 from its property of attracting the aſhes, when laid 


near the fire. Linnæus calls it {opis Miau Se 
his Flora Zeylonica. 


deep 
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9 deep ted; or -purple colour; and ſeldom 
exceeds the fize of a ſmall walnut, is com- 
mon in ſeveral parts of the Eaſt. Indies, 
and eſpecially in the iſland of Ceylon. Its 
properties in — to rn are 
following: they 


1. The Tourmalin; while kept in the 
I W ſame degree of heat, ſhews no ſigns of Elec- 
= tricity, but it will become electrical by in- 
"=D creaſing or diminiſhing its heat, and ſtronger 
in the latter than in the former circum- 
9 ſtance. An exceedingly ſmall variation of 
2 temperature is often ſufficient to render the 
Wo Tourmalin - N electrical. 


2. Its Electricity does not appear all over 
iets ſurface, but only on two oppoſite ſides, 
= which may be called its poles, and they al- 
ways lay in one right line with the center 
1 of the fone, and in the direction of its 
rata; in which direction the ſtone is ab- 
= {olutcly opaque : though on Low eother, ſermi- 
_ t'r2{parent.. 


3. nun the Tourmalin is heating, one 
of its ſides (diſtinguiſhed by A) is electri- 
8 3 fied 


— — —— — L—ö A4 — — 


— _ — 
— ——— — <—_ 


— 


and poſſeſſed of the Electricity contrary to 


mer ſide only will appear electrified. 


30 A CoMPLETE TREATISE 


fied plus, and the other ſide B minus. But | 
when it is cooling, A is minus, and B is 
plus *. | | 


4 


4. H it be heated, and ſuffered to cool J 4. 
without either of its ſides being touched, 3 : 


"7 


then A will appear poſitive, and B nega- 
tive, all the time of its heating or cooling. 


If this tone be excited by friction, 1 


2 like any other Electric, then each of its 


ſides, or both at one, may be made Poſitive, i 


6. If the Tourmalin be heated or cooled i 


upon ſome other inſulated body, that body i 


will be found electrified as well as the ſtone, i 


that, acquired by that fide of the ſtone il 
which was laid upon it. 3% 


From this law may be caſily deduced, that if one F 


fide of the ſtone, in ſome circumſtance or other, is 2 


growing hot, while the other is cooling, then both 4 ; 


fides will appear poſſeſſed of the ſame electricity at the 42 
ſame time; and if only one fide changes its degree of 
heat, while the other remains the ſame, then the for- 


7. The 


- 
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K 7. The Electricity of each ſide, or of 


both, may be reverſed by heating or cool- 
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ing the Tourmalin in contact with va- 
Wrious ſubſtances; ſo if it is cooled, or heated 
in contact with the palm of the hand, that 
ade of it, which would have been poſitive 
if cooled in the open air, is now negative; 
and that, which would have been negative, 
is now poſitive, 


8. If a Tourmalin' be cut into ſeveral 


parts, each piece will have its poſitive and 
negative poles, correſponding to the poſitive 
and negative ſides of the ſtone from which 
Wit was cut. 


9. Theſe properties of the Tourmalin 


Dare alſo obſervable in vacuo, but not ſo 
ſtrong as in the open air. | 


10. If this ſtone be covered all over with 
ſome electric ſubſtance, as ſealing-wax, oil, 


Kc. it will in general ſhow the ſame ap- 


pearances with this coating, as without it. 


11. Mr. WII LIAM CanTow hath late- | 


3 ly obſerved a very vivid light to appear upon 


* 


5 = 


32 AJ ComPLETE TREATISE 
the Tourmalin, while heating in the dark : 


he can by this determine, which end of the 0 
ſtone will be poſitive, and which negative. 
Further, when the ſtone is ſtrongly excited, 
it emits very ſtrong flaſhes from the poſi tive I 


to hs — 1 in the opt +. 


12. In the laſt place, it is inarittble 
that the power of the Tourmalin is ſome- 
times injured by the action of aftrong fire, 
ſometimes improved, and ſometimes not at 


all affe cted by it. The laws, however, of | | 


_ theſe uncertain effects have not yet been 
aſcertained. j 

The moſt of the above properties, which 
were firſt obſerved, and thought peculiar to 
the Tourmalin, have been found to be- 


long to ſeveral hard precious ſtones, they i | 
being alſo made electrical by heating and Wi 


cooling, and have their poſitive and nega- 
tive ſides laying in the direction of their 
ſtrata or cryſtals ; and, in ſhort, as, far as 

+ The Braſilian emerald, Mr. Canton has obſerved 
to have alſo this property of inen light, whilſt 
beating in the dark. 


has 
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Was been obſerved, . they have been found 
ac exactly like Tourmalins, 


he | 
be. | | x 
d, We hall laſtly obſerve, in this chapter of 


4 xcitation, that whenever an Electric is rub- 
I ed with another inſulated ſubſtance, al- 
1 hough it acquires an electric power, and 
Nieuws electrical appearances, yet that power 
1 very weak; and in order to obtain a con- 
3 derable Electricity, it is neceſſary that the 
Wu bber ſhould have a regular communication 
ith the earth, by means of good Can- 


Wuctors. 


- 
- g . 
OY * . * 1 et — — 


Cann 
Of Communicated Electricity. 


N the preceding Chapters we have conſi- 
Ldered Electricity no further than in re- 
ecct to its quality; we have remarked the 
ifferences between the Poſitive and the Ne- 
ative, and have noted which bodies, and 
Wy what means, they could acquire this pro- 
ri. - But now a vaſt proſpect is opening 
or view, full of extraordinary appear- 
D ances; 
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ances ; and we are to conſider in this Chap- WH tr 
ter, not the mere kind of Electricity, but | W 
its numerous effects. Under the title of ot 
Communicated Electricity, falls almoſt all ¶ E 
that is known of the ſubject; the paſſage off 18 
this virtue from one body to another is it 
what cauſes its light ; by being communi- tr 
cated to other bodies, we ſee its attraction ; fe 
by its quick tranſitionitis that it melts me- WF u; 
tals, deſtroys animal and vegetable life ; ¶ c: 
and, in ſhort, it is by this communication fc 
that the ſcience is at all known and culti- Wi t! 
vated. In order, therefore, to preſerve per- WF cc 
ſpicuity, and diſtinction im deſcribing ſuch WW ti 
a multitude of facts, I ſhall employ: more fl 
chapters on this ſubject, and arrange in it 
each ſuch particulars as ſeem moſt proper d 
to be placed together, at the ſame time t 
contriving to reduce the whole into as f f 
principal heads as is poſſible, without con- E 
fuſion. | ci 
Ol bY 


Whenever Electricity is by any means 
ſuperinduced on a body, it is there con- 
fined only by Electrics, and remains with 
that body a longer or a ſhorter time, ic. 
cording as the Electrics that confine it are 
more 
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more or leſs perfect. A glaſs tube, for in- 
ſtance, when rubbed, acquires a quantity 
of that power, whatever it is, which we call 
Electricity. That Electricity remains, and 
is perceĩ yable upon the glaſs, inſomuch as 
it is ſurrounded by the air, which is an Elec- 
trio; and as the ait is in a more or leſs per- 
fect electric ſtate, ſo that virtue is retained 
upon the glaſs longer or ſhorter &; and be- 
cauſe the air is never a perfect Electric, there - 
fore the excited tube can never preſerve 
the acquired Electricity perpetually; but is 
continually imparting ſome of it to the con- 
tiguous air, or the conducting particles that 
float in that element, till at laſt it quite loſes 
its power, If a finger, or any other Con- 
ductor, be preſented towards an excited Elec- 
tric, it will receive a ſpark, and in that 
ſpark part only of the Electricity of the 
Electric; but why not all? Becauſe the ex- 
cited Electric, being a Non- conductor, can- 
not convey the Electricity of all its ſurface 


An excited glaſs tube, if kept in a dry and rather 
warm place, for inſtance, at ſome diſtance from a 


good fire, will continue electrified above twenty 
hours, | 


D 2 | to 


36 A CoMPLETE- TREATISE 


to that ſide, to which the Conductor has 5 | 
been preſented. Hence, if a conducting 
ſubſtance be ſucceſſively preſented to dif- 


ferent parts of an excited Electric, it will in 


receive at every approach a ſpark, without 
repeating the excitation, till all the power 1 
of that Electric is exhauſted, and then a 
new excitation is neceſſary in order to re- 43 


vive it. 4 { #10. 


# 33 


4 
4 5, 


Whenever a Conductor communicating 
with the earth is exhibited at a convenient 
diſtance to an excited Electric, it acquires W 


on that exhibited fide an Electricity con- 
trary to that poſſeſſed by the Electric: this 


Electricity increaſes the nearer - it is ap- 


proached, and at laſt, as there is an eagerat- 
traction between Poſitive and NegativeElec- 
tricity, the Conductor receives a ſpark from 
the Electric, and ſo the balance is reſtgred, 


If this Conductor does not communicate 


with the earth, but is inſulated, and ap- 
proached to the excited Electric as before, 
then not only that ſide of it which is to- 
wards the Electric, but the oppoſite alſo, 
will appear electrified; with this difference, 


however, that the ſide, which is expoſed Bll 
T to 
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4 o the influence of the Electric, has ac- 
tired an Electricity contrary to that of 
the excited Electric, and the oppoſite fide 
Mn Electricity of the ſame kind with that of 
the Electric. Theſe two different Electri- 
Neities of the Conductor increaſe as it comes 
earer to the Electric, and at laſt, the for- 
rer receiving a ſpark from the latter, be- 
Comes throughout poſſeſſed of the ſame 
Iz Electricity with the Electric from which 
it has received the ſpark. All theſe ef- 
fects will happen in the ſame manner, if 
between the excited Electric and the ap- 
i} proached Conductor there 1s interpoſed ſome 
other electric ſubſtance beſides air; as for 
iaſtance, a thin plate of glaſs, roſin, ſealing» 
ax, &c. but then a ſpark can never come 
9 from the excited Electric to the Conductor, 
W except it forces, or burſts its way through 
Wo the + interpoſed” Electric, as it always does 
chrough the air. This diſplacing of the 
air is what cauſes the noiſe that attends a 
= ſpark, and that noiſe is more or leſs loud 
Y in proportion to the quantity of Electricity. 
and to the ee it meets with in its 
1 Falle, | | | | 


a | D 3 14 A 
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An inſulated Conductor having revttved | 
the Electricity from an excited Elearic; (in 
which ſtate it is ſajd to be electrified by 


communication) will act in every reſpect 4 | 
Hike the excited Electric itſelf, except, that 4 | 
when it is touched by another Conductor 
communicating with the earth, the for- 4 ; 
mer gives one ſpark to the latter, and by il 


that diſcharges all its Electrieity. The 
reaſon why an electrified Conductor Toſeth 


$ 
9 
1 
4 


its Electricity all at once, when touched 1 


with another Conductor commumicating 

with the earth, and not purt of ĩt only, Hke 
the excited Electric, is, becauſe the Elec- 
tricity belonging to the whole of the Con- 
Auctor is eaſily conducted through its o- 
fubſtance, to that fide, to which -the other 


Conductor is preſented. Hence it appears 


that, in geficral, the Electricity di ſchurged 


From ah electrified Conductor ĩs much more | 
powerful, than when diſcharged from an 
Electric; for the Conductor may nequire 2 
great quatitfty'6f Electrieity from an Elec- 


trie, „By receiving park after ſpark, and after. 


watts if touched, will diſcharge it all at 
once, and not by little and little as it Wl 


received. 


"x 4 
2 * 5 ” If 1 
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I an inſulated Conductor be touched 
ith another Conductor electrified, it will 


q : acquire part of the Electricity belonging to 
che electrified Conductor, and afterwards 
.ch will how ſigns of it. The Electri- 
RE city in this caſe will not always be equally 
= divided between the two Conductors, nor 


in it keep any proportion to the quantity 


af matter in each contained; but will ob- 
ere che following laws. 


. If two inſulated * onductors, that i in 
rept. to their external ſurfaces are equal 
= and fimilar, and both, or only one eleckri⸗ 


2. If their ſurfaces are — and diſſimi- 
lr, as for inſtance a ſquare foot of tin fail | 
l in one piece, and another ſquare foot of it 
cut in a long flip, then that body, whole 
ſurface has a greater extenſion, will acquire 
more Electricity than the other. 


3. Laſtly, if their ſurfaces are unequal 
| = diflumilar the, Electricity that each ac- 
W. quires. after the contact, ſeems pretty clear 

from experimęnts, and in conſequence © of 
W - 4 ä the ; 
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the above two laws, to be in a compound 4 
roportion of their furfaces, and the: ex- 
tenſions of the fame, ; .:-, 8 


The electric ſpark (i. c. a ſeparate quan- 4 
tity of Electricity) will go a greater or lets Ml 
diſtance through the air, in order to reach a Y 
Conductor, according as its quantity is WM 

ater or leſs; as the parts from which it 1 
flies off, and on which it ſtrikes, are more 
ſharp. or more blunt, and as the Conductor 4 
is more or leſs perfect. The noiſe toge- 
ther, and the light with which the ſpark 4 
is attended, is greater or leſs, according 

. as the Electricity is greater or leſs; as the 1 
parts from which it flies, and on which it 
ſtrikes, are more blunt or more ſharp; and 1 
as the Conductor is more or leſs perfect. 
Thus, for inſtance, a ſharp-pointed body 1 
will throw off Electricity to, and receive it 1 4 
from a greater diſtance, than a body of any 


= 1 
other ſhape; but then that paſſage occaſions WW | 
( 


a ww © amd OS Th 


no noiſe, and but little light ; for, in this 

caſe, t the Electricity does not come in a ſe- 

parate large body, but by little and little, . 

or rather by a continued ſtream. If a = 
inted wire is concealed in a glaſs tube, 


Irhich projects a ſhort way beyond it, or } 
it 
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it it is covered with tallow, bees-wax, ſul- 


- Wobur, Gee. then it will take à Rrong ſpark 


4 from an electrifi.d Conductor. 


It is remarkable in the cafe of points 
throwing off, or receiving. Electricity, that 


c current of air is ſenſible at an electrified 


point, which is always in the direction of 
the point, Whether the Electricity is pol 


tive or negative. 


The electric ſpark, taken upon any part 
of a living animal body, cauſeth a diſagree- 
able ſenſation, which is more or leſs trou- 
bleſome, as the ſpark is ſtronger or weaker, 
and the part, upon which it is taken, is 
more or leſs delicate; and alſo according to 
the particular conſtitution, of individuals. 


Apretty large quantity of Electricity per- 
yades the ſubſtance of a Conductor of a con- 
ſiderable length, with a ſurpriſing and im- 
perceptible velocity; but a ſmall quantity 
of it has been found to take ſome little time 
in paſſing through a long, and leſs Weng 
Conductor. 


Bodies, 
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Bodies, poſſeſſed of the fame Bieri, 1 
whether poſitive or negative, repel each 
other. But bodies, ' poſſeſſed of different 1 
Electricities, attract each other; and there 4 a 
is no electric repulſion, but between bodies 
poſſeſſed of the ſame Electricity, nor electric 
attraction, but between bodies poſſeſſed f 
different Electrieities, i. e. between bodies 
poſitively, and bodies negatively, eleQrified}, 


Electricity, ſtrongly communicated to in- 3 
ſulated animal bodies, quickens their pulſc, 
and promotes their perſpiration. If it is 
communicated to inſulated fruits, fluids, 

_andin general, to every kind of bodies that 
are actually in a ſtate of evaporation, it alſo 
inereaſeth that evaporation, and that in a a { 
greater or leſs degree, as thoſe bodies are 


A > oo fy ys ps 


- 2+ This law, i. . that there is no electrie attraftion, 
except between bodies poſſeſſed of different, EleQrici- 
ties, will, perhaps, appear paradoxical, upon obſerving, i 
that an excited Electric attracts ſmall bodies, which Wl 
never were by any means made electrical before; but j 
the paradox will ſaan. vaniſh, if what has been ſaid if 
above be conſidered, i. a. that when Conductors, and 
indeed Electrics too, come near an electrified body, t: 
they become actually poſſeſſed of a different Electricity, : 
But this will appear much clearer from the experi- 
ments that are to be mentioned hereafter. : 
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ore or lefs ſubject to evaporate of them- 
eelves, as the veſſels, that contain the fame, 
te Conductors or Electrics, and as they 


Whave a _—_ or bug ſurface expoſed to the 
open _— L 


By ah the cerfpiration of es- 


. þ s bles, Electricity promotes their growth 3 it 


having been found, after ſeveral accutate ex - 


4 W periments, that ſuch plants, which have 
been often, and long electrified, have ſnewed 


Ja more lively and forward appearance, than 


others of the ſame kind that were not elec- 


triſied “. | 


F 4 


When Pledricity mae in- 
{ulated veſſels, containing water, that is ac- 


$ Although it has been by ſame (pretended, that 
Electricity cauſed ſeyeral ſubſtances to evaporate 
through the pores of glaſs, and metals, yet that could 
never be obſerved, though many-accurate experiments. 
were made for that -purpoſe;; ! beſides, this pretended. 
evaporation, ſeems on all accounts e Ampre- 
bable. 

® It is aid by Mr. rv 3 found, 
that negative electriz ation retards both animal and ve- 
getable life. See his Latin Diſſertation on the effects 
of Electricity upon ſome organig bodies. 
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wide enough to let the liquid run in a 1 | 


jets Which are formed, and by the dil- 


©. continued ſtream, and even divided into 


lay tube is, the greater, in Peder n 
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tually running from a pipe, the effects will, 
as far as may in groſs be deduced from ex- 
periments, obſerve the following laws. | ; | 
& 1. The electrified ſtream, though it di- | 
** vides, and carries the liquid further, is A 
e neither ſenſibly accelerated nor retarded, MW 
** when the pipe through which it iſſues is 
te not leſs than a line in diameter. 4 


# 2, Under this diameter, if the tube is 


continued ſtream, Electricity accelerates | 
* it a little, but leſs than a perſon would 
„ imagine, if he judged by the numbers of 3 4. 


f* tance to which they go. 

f 3. If the tube be a capillary one, from 4 
* which the water only drops naturally, 
* the electrified jet not only becomes 2 


*« ſeveral ſtreams, but is alſo conſiderablj 
accelerated; and the ſmaller the capil. 


ie enen. Ai 
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4. So great is the effect of the electtic 
virtue, that it drives the water in a con- 
ſtant ſtream out of a very ſmall capillary 
tube, out of which it had not before been 
able even to drop.“ 


ye electric power has been found not 
o be affected by, or affect, the magnetic 
irtue of a loadſtone; neither is it affected 
y heat or cold; ſince, an iron bar made 
ed-hot, or any conducting ſubſtance hard 
rozen, when electrified, attracts, repels, 
ies ſparks, &c. nearly in the ſame manner 
in its natural temperature. Electric at- 
traction is obſervable alſo in vacuo, where 
t acts nearly at the fame diſtance as in 
the open air; and electric ſubſtances may 
iso be excited in vacuo. 


Laſtly, we ſhall conclude this chapter 
with remarking, that if the face or any 
Wpart of the body, is preſented to an ex- 
cited Electric, or to a Conductor ſtrongly 
lectrified, it will feel as if a wind was 
blowing, or rather, as if as ſpider's web 
a drawn over it: ' alſo, if the noſtrils 
Nee preſented to an excited Electric, they 
will be affected by a ſmell, much reſembling 
that 
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ſation, except when a large quantity of it 
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that of phoſphorus; but communicated 
Electricity does not occafion any ſuch ſen- 3 


ws 983 


does ſuddenly paſs from one body to ano- 
ther, If bodies are kept for ſome time 
within the electric effluvia when ſtrong, | 
they will retain the ſmell that they acquire, 
for a conſiderable time after. 
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Electricity communicated to Electrics. 


S the Electric Virtue can be ſuperin- 
duced-on Conductors by communi- 
cation, ſo may it alſo be communicated to 
Electrics: the difference however is, as 
might be expected, very remarkable; for 
when one fade of a Conductor is preſented MW 
to an electriſied body, the Electricity will 
inſtantly pervade its whole ſubſtance, on 
account of its conducting nature; whereas, 
when an Electric is preſented to another 
Electric excited, or to an electrified Con- 
ductor, it will with ſome difficulty acquire Wl 
| | any i 
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any Electricity, becauſe its ſubſtance is 
imperrious to that virtue; and in order to 
make it acquire ſome, it muſt be ſeveral 
times, and in different parts, touched with 
the elerified body. That it is as difficult 
to deprive an Electric of its acquired Elec- 
tricity, as it is to ſuperinduce it on its ſur- 
face, I think might eaſily be ſuppoſed ; for 
the very ſame quality, which cauſeth it to 
acquire that power ſlowly (namely its being 
a Non- conductor) makes it alſo part with 
it ſlowly; and, in order abſolutely to de- 
prive the Electric of its acquired Electri- 
city, it muſt be touched ſeveral times, and 
in almoſt every part of its ſurface,. with 
ſome conducting ſubſtance, | 


In the preceding chapter we obſerved, 
that when an inſulated Conductor is pre- 
ſented to an elefrified body, it acquires, 
on the part neareſt to that body, a contra- 
ry Electricity; and on the 6ppoſite part, an 
Electricity of the ſame kind with that of 
the electrified body ;, we alſo obſeryed, 
that theſe two Electricitiès increaſe, as the 
Conductor comes near to the electrified 


body, and that when the Conductor is ar- 


rived 
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rived within the ſtriking diſtance of that 
body, a quantity of Electricity flies off from 
the latter; forces its way through the in- 
termediate air, and, ſtriking upon the for- 
mer, renders it throughout poſſeſſed of the 
ſame Electricity. Theſe effects are in a 
certain degree alſo obſervable when an 
Electric, inſtead of a Conductor, is pre- 


ſented to an electrified body; for the Elec- 


tric will alſo acquire, on different ſides, 
contrary Electricities: theſe Electricities in- 


creaſe, as the diſtance decreaſes; but, if at 


laſt a ſmall quantity of Electricity is com- 
municated to one part of the Ele&ric, that 
Electric will not become throughout poſſeſſ- 


ed of one Electricity, but will ſtill, in ſome Wi 


caſes, ſhew different Electricities on different 
ſides; and in ſome circumſtances, many re- 
peated changes from poſitive to negative 
Electricity may be obſerved upon the ſame 
Electric, as will appear from the following 
experiment. 


If the end of a pretty long glaſs tube be 
reſented to a body electrified, for inſtance 
poſitively, the tube will be found electri- 


fied poſitively alſo for the ſpace of one or 


tWo 
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o inches atghe end; but, beyond that 
ace, will be found two or three inches 
b lectriſied negatively; after that, another 
SS ofitive Electricity will appear, and ſo 
3 | lternately; a poſitive and a negative Zone 
iin follow one another, always weaker 
ad weaker in power, till at laſt they quite 
nniſh “. Now the cauſe of theſe effects 
always to be deduced from the two 
bove- mentioned principles, il. e. the non- 
onducting quality of an Electric, and the 
Properties of bodies in general to acquire an 
WE |cctricity contraty to that poſſeſſed by 
Wnother contiguous electrified body: ſo in 

he above experiment, that end of © the 
tube which was preſented to the body 
Wc lccrified politively, before it received any 
Electricity from that body, appeared ne- 
ative on the part preſented to it, but af- 
ter eit had received ſome Electricity, ap- 
peared to be poſitive no further than that 
Electricity could be ſpread over its ſurface; 
but beyond that place a part of the tube 

appeared to be negative, on account of its 


b 866 Paravphty's Hiſt. af Ele8. Per. X. Sect. 
v. or ÆEpini Tentamen, p, 192. 5 


contiguity 
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contiguity to the part electrified poſitively 


after that, another place appeared to bf 
poſitive, becauſe of its contiguity to the 


part electrified negatively, and ſo of the 


ſubſequent changes; and the poſitin 
Electricity of one part of the tube cannd 
mix with the adjoining negative part, ſo a 
to prevent theſe appearances, becauſe thi 


non - conducting quality of the glaſs wil 


always hinder ſuch an effect from takin 
Nr. 0 


100 one ſide of an Electric ſufficient) 


thin, as for inſtance. a pane, of comma 


window-glaſs, a plate of ſealing- wax, & 


be communicated one Electricity, and tt 


the oppoſite ſide be communicated the cor 


ttaty, that plate in that caſe is ſaid to | 
charged, and the two Electricities can n 
ver come together, except a communici 


tion of conducting ſubſtances be made by 


tuen both ſides, or the Electric he broki 
by che power of electrie attraction· W be 


the two Electricities of a charged Electi 
are by any means united, and therefor 


their power deſtroyed, that Electric is the 
© _ faid to be diſebarged, and the act of uni 


of ETI ICT AI fT T. &t 
of theſe two oppoſite powets is, for a tea- 
ſon hereafter to be mentioned, called the 
eleerrie d 


In order to avoid the difficulty of com- 
municating Electricity to an electric plate, 
it is cuſtomary to coat the ſides of it with 
ſome conducting ſubſtance, as tin-foil, 
gilt paper, &c. by which means the charg- 
ing and diſcharging becomes very eaſy; for 
wien the Electricity is communicated to one 
part of the coating, it is immediately ſpread 
through all the parts of the Electric that 
are in contact with that coating, and when 
the Electric is to be diſcharged, it is ſuf- 
ficient to make a conducting communica- 
tion between the coatings of both ſides, in 
order to diſcharge entirely the anne 
of that Electric. 5 

It will be readily underſtood why the 
coatings of, both ſides of an Electric ſhould 
not come very near one another towards the 
edge of the plate, for then a communica- 
tion between the ſame coatings is ready at 
hand, and although they do not abſolutely 
touch one another, yet when they are elec- 

E 2 trified, 
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trified, the Electricity will eaſily force 2 
paſſage through the air, and, by paſſing 
over the ſurface of the Electric from one : 
coating to the other, renders it incapabl:i 
of receiving any charge *. 2 

By means of charged Electrics, we may 
ſee a diſplay of the greateſt powers of Elec: 
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4 tricity; we can accumulate this power, ani fi 
1 uſe it advantageouſly in different experi-. d 
\ F ments. By conſidering the properties of: bo g 
= charged Electric, we become further anda 
1 better -acquainted with this ſcience, tha Wn 
by any other means; and for the enumer- v 

tion of theſe properties the following chip u 

ter is employed. b 

| = ©. 

The property of conducting the Electricity ov! Wl oO 

the ſurface is ſo remarkable in ſome kinds of glalz fi 

that they are on this account abſolutely unfit for tc 3 


purpoſe of charging and diſcharging. 
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ne 1 
1:88 Of charged Electrics, or the Leyden Phial, 
ay F F a glaſs plate, whether ſmooth, or 
- rough, is coated with ſome conducting 


ſubſtance on both ſides, ſo that the coatings 
do not come ſo very near the edge of the 
glass, as to render it unfit to be charged, 
and if to one of thoſe coatings be commu- 
nicated ſome Electricity, the other coating, 
while communicating with the earth, or 
with a ſufficient quantity of conducting 
bodies, acquires by itſelf an equal quantity 
of the contrary Electricity; but if, whilſt 
one fide is acquiring Electricity, the oppo- 
fite fide does not communicate with the 
earth, or with a ſufficient quantity of con- 
ducting ſubſtances, the, glaſs cannot be 
charged . Now the reaſon why, When one 
ſide of the glaſs 1s receiving one Elericity, 
the oppoſite fide gui the other, i is the 
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Strictly ſpeaking, the glaſs in' this caſe- will be 
charged a little, becauſe the air which is contiguous 
to its en is not a perfect Non - conductor. 
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ſame as obſerved in the preceding chapter, 4 1 
i. e, the property of bodies to acquire an 
Electricity contrary to that poſſeſſed by 4 | 
contigyous electrified body; and the cauſe, 1 3 
that hinders theſe two Electricities from 
mixing together, is the interpoſition of the 
glaſs plate, which is impermeable to,Elec- 
tricity z but if the charge is too high, and 
the glaſs plate too thin, then the great at- 4 
traction, between the two different Elec- i 
tries, forces a paſſage through the glaſs, 
diſcharges it, and renders it unfit to receive 


another ehar ge 9. 


[1 Theſe effects bappen in the ſame manner 4 
if the glaſs be not in the form of a plate, 2 
but in any othor ſhape whatſoever, provid- 4 5 
ed ĩt is ſufficiently thin, it being not the 1 


This remarkable property of Electricity was fſt Wil 
fatisfactotily obſerved (though not originally diſcover- Wl 
ed, as we. haye already taken notice in the Introduc- 

) at-Leyden with a bottle containing ſome water, Y 
which ſeryed for the infide coating, and the unde- 
figned application of the hands on the outſide ſerved 
for another coating. A bottle coated on the inſide Wl 
und outfide for: the purpoſe. of being charged, ha- 
from; thence been called the Leyden Phial, otherwiſe Wi 
an eleris Jar; and the charging and diſcharging in 
general, of coated glaſs, has been called the Leda 
Experiment 

3 


form, 
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rm, but the thickneſs of the glaſs, that 
4 Makes it more or leſs fit to be charged: and 
e thinner it is, the greater charge it is 
1 | zpable of receiving; for the ſtronger in 
Nooportion is the power of the Elearicity 

If one ſide, to cauſe a contrary Electricity . 
n the oppoſite ſide. 


= How thick a glaſs plate or other Electric 
ould be, to become incapable. of being 
F harged, hath not yet been aſcertained, 

A coated, glaſs is capable of holding a 
reater charge in condenſed air, than when 
> Charged under the uſual en pf the 
x Emoſphere, 


ff coated aß plate, or phial, after 
4 | being charged, be inſulated, and only one 
of its fides be touched with ſame. Con- 
WF dur, that - fide. will not part with its 
Electricity, becauſe the Electricity of one 
de exiſts in conſequence of the contrary 
WT Electricity on the oppoſite ſide, and both, 
by their mutual attraction, confine one 
another upon the ſurface of the glaſs, In 
order therefore to diſcharge that glaſs both 
E 4 | its 


. - 


13 \ +J 
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its coatings muſt be touched at the 'ſame 
time, and connected with the earth: or by | 
means of ſome Conductor a communication 
muſt be made between them; and in this 
caſe the diſcharge is ſaid to be made through i 
that Conductor. 


When, in order to diſcharge a jar, one 
of its coatings is touched firſt with a Con- 
ductor, as for inſtance, with one end of a 
chain, nothing very particular in that caſe Ti 
will appear * ; but as ſoon as the other end 
of the chain comes within a ſufficient diſ- Wi * 
tance of the other coating, a ſpark will be 5 | 
ſeen between the end of the chain, and that 
coating, accompanied with a noiſe, &c. juſt 3 
as When an excited Electric, or an electri- 
fied Conductor, f is made to communicate 
with another Conductor; but the powet, 
the light, : * Ire 2 is in W much 
ad 10 \ SI. 712115 
Ikone eter a charged jar „ with 
the earth while che other coating is expoſed doi the irec 
air fpr ſome time, the charge of that j Jar, n ill. be ſilently 
and gradually. dich pated; for while the lectricity of 
one lle goes to the earth, the Electricity of the other 
is communicated to the nch, as we obſbrved be 
fore, is never an Electric. 
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greater than that of a ſpark taken from a 


| body fimply electr ified, | 


If the communication between the two 


= ſides of a charged jar be made by imper- 
Ws fect Conductors, as a ſlender piece of wood, 
a wet packthread, &c. the diſcharge will 


be made ſilently and without exploſion. 


It is remarkable, that the ſpark occaſioned 
by the diſcharge, of charged Electrics, al- 
though it is more denſe, more powerful, 
and makes a greater report, yet is not ſo 
long as the ſpark drawn from an cleQrified 
Conductor. 


When the dichsfgt ö = jar js Wale 


through the body of a living animal, it oc- 
cations a ſudden motion, by contracting the 


muſcles through which it paſſes, and gives 
a diſagreeable ſenſation; for which reaſon, 


the effect of diſcharging an electrie jar has 
been generally called the electric "Shock. 
This ſhock. is more ſenſibly felt, by ſome 
perions than by others, and it is fila that 
ſome people are not at all affected by! it. | 


The 


— 
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The force. of the cleQric ſhock, occa- 
fioned by glaſſes of the ſame thickneſs, i is 
greater or leſs in proportion to the quanti- 
ty of coated ſurface, and the height of the 


charge. Upon this principle, the power 


of the, ſaid ſhock, by increafing the quan- 
tity of coated glaſs, may be augmented at 
pleaſure, provided means be uſed powerful 
enough to charge it, 


A number of coated jars connected toge - 


ther in ſuch manner that their whole force 
may be united, and act like one jar, conſti- 
tutes what is, called an elefrical Battery. 
This battery is the moſt formidable, and 
entertaining part of an electrical apparatus, 
and by its uſe many wonderful effects are 
produced :—but as the performing of theſe 
belongs rather to the practical, than to the 
preſent part of this Treatiſe, I ſhall only 
enumerate them in this place, and reſerve 
further particulars for the third part of 
this work. 


"i making the diſcharge of an electric 
jar, it is ſurprizing to obſerve with what 


e the Electriciy performs the cit- 
cuit 
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q 1 cuit from one ſide of the glaſs to the other. 


q It has been found to emplay no perceivable 
time in going through a Conductor of ſe- 


IE veral miles, which connected the two 


WT coatings of a phial *, 


The force and noiſe of an electric ſnhock 
is not affected by the inflexions of the 
Conductor, through which it goes, but it 
is ſenſibly weakened by its length ; hence, 
when the circuit, . e. the communica« 
tion between the two fides of the electric 
phial, is made by one perſon touching one 
ſide with one hand, and the oppoſite fide 
with the other, the ſhock is ſtronger than 
when the circuit is formed by many pr 
ſons together joining hands. 


That the Electricity 425 PORE obſtruc- 
tion in going through even the beſt Con- 
ductors, appears evident, from this, that in 
ſome caſes it will prefer a ſhort paſſage 
through the air, to a long one through 
Conductors, even the moſt perfect. This 
obſtruction is greater in thoſe places, where 
the Conductors, forming the circuit, do not 


* PattsTLEY's Hiſt, of Elect. Per. VIII. Sect. li- 
lie 
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lie in perfect contact; and if, the circuit 
being compoſed of conductors of different 
natures, the Electricity be obliged to paſs 
from one Conductor to another leſs perfect, 
the obctruction is ſtill greater. If a ſmall 
interruption of the circuit be made in wa- 
ter, on making the diſcharge (notwith- 
ſtanding that the water is a Conductor) a 
ſpark will be ſeen in it, which never fails 
to agitate the water, and often breaks the 
veſſel that contains it. 


A ſtrong ſhock, ſent through an animal 
or a plant, puts an end to animal as well 
as to vegetable life. If the circuit be in- 
terrupted by one or more Electrics, or im- 
perfect Conductors, of a moderate thick- 
neſs, the electric ſhock will break them, 
and in ſome circumſtances diſperſe them in 
every direction, and in ſuch a manner as if 
the force proceeded from the center of 
18 one of the interpoſed bodies &, 


In ſeveral inſtances 60 effeR of a ſhock upon an 


interpoſed body is evidently greater on that fide of it 
which communicates with that coating of the jar or 
battery, that is poſſeſſed of the poſitive Electrieity. 
But of this more will be ſaid hereafter. 


A 2c | A ſtrong 
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A ſtrong ſhock, ſent through a ſlender 
piece of metal, makes it inſtantly red-hot, 
melts it, and, if the fuſion is perfect, redu- 
ces it into globules of different magnitudes. 
If the metal be incloſed between pieces of 
glaſs, the ſhock, by melting it, will force 
it into the ſubſtance of the glaſs, ſo that 
afterwards it cannot be taken off without 
ſcraping part of the glaſs with it. In this 
experiment the glaſſes are ſhattered to 
pieces, and it is ſeldom that they reſiſt the 
force of a ſtrong ſhock. 


If the glaſſes, incloſing the metal, be 
preſſed by heavy weights, then a remarkable 
ſmall ſhock is capable often not only to 
raiſe the weight, but to break ſuch thick 
glaſſes, that otherwiſe require the force of 
a large battery. Thick pieces of glaſs may 
be alſo broken into innumerable fragments, 
by only ſending a ſhock over à ſmall part 
of their ſurface, which are preſſed by 
weights, without the interpoſition of any 
metal. When theſe pieces of glaſs are not 
broken, they are marked by the exploſion 
with the moſt lively priſmatic colours, 
which lie ſometimes confuſed, and ſome- 
times 
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times in their priſmatic order. The coloured 
ſpot is evidently, formed by thin plates or 9 
ſcales, in part ſeparated from the ſurface af 
the glaſs; and it generally occupies the 
ſpace of about one inch in length, and half 
an inch in breadth. * | 


In melting wires of the ſame metal by the 
electric ſhock, it muſt be obſerved, that the 2 
forces required for that purpofe muſt be A 
greater or leſs, according as the lengths o 
thickneſſes of the wires are greater or leſs: 
but they are far from bearing any direct pro- 
portion to the quantity of metal; for if 
wire of a given length and diameter be 
barely melted by a large battery, a wire of 
5 equal length and twice the ſubſtance, would 3 
perhaps take ten ſuch batteries to product 5 
the ſame effect upon it. 8 1 


When a moderate ſhock * is ſent through 
an imperfect metal (eſpecially if the circuit 
is formed by ſeveral pieces, as by a chain), 


By a moderate ſhock here, I mean, one that is not 5 
able to melt the metal through which it paſſes. | 


a blaci 
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2 black duſt, in the form of ſmoke, will be 
ſeen to proceed from the metal, which is 
thought to be ſome of the metal itſelf partly 
calcined, and, by the violence of the explo- 
ſion, forced from it. 


If ſuch circuit, or part of it, belaid upon 
a piece of paper, glaſs, or other Non- con- 
ductor, this, after the exploſion, will be 
found ſtained with ſome indelible marks, 
and often ſhew evident ſigns of having been 
burnt, A long and permanent track may 
be marked upon glaſs, and ſome 'other 
bodies, by the electric exploſion, if the 
interruption of the circuit be made upon 
its ſurface, 


What is more remarkable, in confidering 


the effects of Electricity on metals, is, that 


it revivifies their calces; and, like a true phlo- 
giſtic proceſs, when an exploſion is made be- 
tween two pieces of the ſame, they, in part, 
return into their metalline form. 


Although we obſerved, in the fifth chap- 


ter, that Electricity and Magnetiſm did not 


interfere 
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interfeie with one another's action, yet that Wl 
muſt not be underſtood in general, and when | A 
a large force of Electricity is meant; for this , 
is capable not only of deſtroyin 9 the virtue, I : 
or of reverling the poles of a magnetic nec- d : 
dle, but even of giving it that virtue. When Ml 
the charge of ten, eight, and even a lets 
number of ſquare feet of coated glaſs is ſent 
through a fine ſewing-needle, it will often 
give it polarity, ſo that it will traverſe when 
laid on water *. It is remarkable, that if the 
needle be ſtruck, lying eaſt and weſt, that 
end of it which is entered by the ſhock, will 
_ afterwards point north; but if the needle be 
ſtruck, lying north and ſouth, that end of 1 
it which lay towards the north, will in any 
caſe point north; and the needle will ac- 
quite a ſtronger. virtue in this, than in the ; 
former caſe. Laſtly, if the needle is (1 
perpendicular to the horizon, and the elec · 


* A ſmart ſlroke of a hammer will make a need 
magnetic : but they ſhould always be tried before the 
experiment: for many ſmall needles will traverſe upon Wi 
water, without the electric ſhock, or the ſtroke of tht 
hammer, 


tric 
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4 tic ſhock-is given to ei ther point of it, af- 
wards the lower extremity of the needle 
vill point north “. 


nat the electric ſpark ſhould kindle 
l I nflammable ſubſtances, I think might be 
W-pccted, when its power has been conſi- 

ered in many circumſtances, in which it 
has been obſerved to act as a moſt pene- 
4 Wrating and extraordinary fire, In firing 
eeral ſubſtances. a ſmall ſhock is ſuffi- 
ient; and inflammable ſpirits may be fired 
ven by a ſpark proceeding from an electri- 
hed Conductor. 70 oe 


If the moderate charge of a large battery 
$ diſcharged between two ſmooth ſurfaces 
Wo! metals, or ſemi-metals, lying at a ſmall 
WW itance from each other, a beautiful ſpot 
vill be marked upon them, This conſiſts 
f one central ſpot, and ſome concentric 
ircles , which, are more or les diſtinct, 


ger Dr. Fx ANk HIN's Letters, p- 90, and BECcA- 
14's Artificial Electrieity, Q 731, 732, 733, 734. 

| + The central ſpot as well as the circles lis at a little 
 fnce from one another; and they are.compoſed of 
ots and cavities, indicating a true fuſion, 


F aud 
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and more or leſs in number, according as 
the metal u pon which chey are marked, re- 
quires a leſs or greater degree of heat to 


be melted, and as a greater or leſs force i is 


employed. 


If the exploſion of a battery, iſſuing from Wal 
a pointed body, as the point of a needle, be 
repeatedly taken upon the plain ſurface of a 
piece of metal ſituated at a little diſtance WM 
from the point, or if iſſuing from the ſurface, 


be taken upon the point, that metal will be 4 
marked with a coloured ſpot, conſiſting of 


all the priſmatic colours diſpoſed in circles, 
and evidently formed by ſcales, or thin 
plates of the metal ſeparated by the force of 1 
the exploſion *. | 


When the diſcharge of a battery is made 
by bringing the ends of two Conductors, MW 
communicating with the inſide, andthe out - 
ſide of the battery, in contact with, or at : MW 
little diſtance from the ſurface of ſeveral con- 
ducking ſubſtances, as water, raw meat, &c. 


2 For further particulars concerning me circles, 
ſte the Phil. Tranſ. vol. LVIII. 


1 
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it is obſervable that the Electrieity, inſtead 
of entering thoſe ſubſtances, goes over their 
ſurface, and in a lucid ſeparate body reaches 
from Conductor to Conductor; ſometimes it 
prefers a much longer paſſage over the ſur- 
face, to a ſhorter one through any ſubſtance, 
In this caſe the exploſion never fails to give 
a concuſſion to the body, over whoſe ſur- 
face ĩt paſſes. | 


The electric exploſion, or even electric 


2 ſparks, when taken in different kinds of air, 


or permanently elaſtic fluid, was obſerved by 
Dr. PRIESTLEY to act like a true phlogiſtic 
proceſs . But upon a nicer examination, 
it ſeems that the phlogiſtic principle does 
hot proceed from the electric fluid itſelf, 
but is detached, by the force of Electricity, 
from thoſe Conductors, between which the 
exploſions or ſparks are taken . It may 
be alſo mentioned in this place to have been 


*See Dr. PkitsTLEY's ſecond vol. of Obſerrcoa 


on different kings of air, 


+ See my Treatiſe on Air, and other nns 
elaſtic Fluids, p. 433. 


- 


F 2 found 
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found by Dr, PRIESYLEV, that every nd 


of permanently elaſtic fluid is a Non- con- 5 


ductor of Eledricity; but probably they 


are not all of the ſame degree. The co- 1 

lour of the electric ſpark, although equally 4 Y 
viſible, yet is not of the ſame colour in 
every ſort of elaſtic fluid. In inflammable 
and in alkaline air, it appears of a purple or 


red colour; in fixed air it appears white, 


The electric exploſions taken upon the 2 
leaves of certain flowers, changes their co- i 


lour *. 


HBeſides the above-mentioned properties 
of charged glaſs, there are a few more ob- 
ſerved, which as yet have neither been ſuf- 
ficiently inveſtigated, nor ſo far purſued as 


to be reduced under any general laws. They 
afforda great field for ſpeculation, and feem 
to be more . intimately connected with the 
nature of Electrics in general; but it ſeems 
not proper to make any general concluſions 
from the facts already known, at leaſt fo as 


4 Dr. PrIESTLEY's Hiſt, of Electricity, Per. VII. 


to 
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o be inſerted in this part of the preſent 
reatiſe. I ſhall therefore employ a chap- 
er for the narration of the ſame; in which 
= al! relate the principal, and more pro- 
nifſing experiments hitherto made, and take 
Notice of the beſt conjectures offered for 
heir explanation. This chapter will be 
Wound at the end of the third part, in which 
Place, I think, it will be more acceptable to 
ny readers, particularly ſuch, who have not 
AJ een much converſant with Electricity, and 
" ESherefore require firſt the deſcription. of the 
4 Electrical apparatus, and the knowledge of 

Whe experiments neceſſary to Om the 82 2 

Fecited. 


* 


c HA P. vin. 
Of Atmoſpherical Electricity. ; 


HOEVER has remarked the nu- 
a merous properties of Electricity al- 
ready mentioned, and has conſidered their 
extenſive power, will, I doubt not, be 
Wercatly ſurpriſed, when he compares the 
date, in which the ſcience remained half a 
F 3 | century 
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century ago, with that in which.itis at pre. J 1 
ſent; but his wonder will till increaſe, when 
he is told that Electricity is not only to be 
obſerved by rubbing an Electric, or warm- | ; + 
ing a Tourmalin, but that it has been found 4 ; . 
to exiſt in the air, rain; and clouds 3; that YC 4 
thunder and lightning haye been diſcovered MW: 
to be its effects; and that, in ſhort, what- WW: 
ever has the appearance of fire, or of any i 
thing extraordinary in the atmoſphere; and | 
upon tlie earth, has been attributed to Elec- 9 
tricity. 177f1 5 


That che effects of Electricity bore a great 
reſemblance to thunder and lightning, had 
been ſeveral times remarked by philoſo- 
phers, and eſpecially by the learned Abbe Bi 
Nor TRT; but that they ſhould actually be 
found to be effects of the ſame cauſe, and 
that the. ꝓhenomenã of Electricity ſhould be 
imitated by lightning, or thoſe of lightning 
by Electricity, was neither thought poſli- 
ble, nor ſuſpected, till the celebrated Dr. 
FXANKLIN made tlie bold aſſertion, and 
the French philoſophers firſt, and after - 
wards Dr. FRANKLIN proved the fact by W 
undeniable arguments in tho year 1752. 1 
* e 1 _ 
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rc. RE The fimilarity of lightning and Electri- 
en ity is not to be remarked in a few appear- 
be ances only, but it is obſervable throughout 
all cheir numerous effects, and there is not 
q 4.2 ſingle phenomenon. of the one, but may 
be imitated by the other. Lightning de- 
WS ſtroys edifices, animals, trees, &c.; lightning 
goes through the beft Conductors, which it 
neets in its way, and, if its paſſage is ob- 
aructed by Electrics, or leſs perfect Con- 
1 ductors, it rends them, and diſperſes them 
in every direction; ligbtning burns, and 
= melts metals and other ſubſtances ; a ſtroke 
of lightning often diſturbs the virtue of a 
magnet, and gives polarity to ferruginous 
ſubſtances; and all theſe effects, as has been 
oObſerved above, may be produced by Elec- 
0 | tricity. But, independent of the great fimi- 
WS lacity exiſting between lightniag and Elec» 
tricity, what fully proves their identity is, 
chat the matter of lightning may be ac- 
Wy tually brought down from the clouds. by 
means of inſulated and pointed metallic 
rods, or by electrical kites, and with ĩt any 
known electrical experiment may be per- 
formed. N | l 


F 4 Clouds, 
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Clouds, as well as rain, ſnow, and Hail, . 
that fall from them, are almoſt abways elec- 
trified, but oftener negatively than poſitive- 
ly; and the lightning, accompanied with the 
thunder, is the effect of the Electricity, 
which, darting from a cloud, or a number þ 
of clouds, highly electrified, ſtrikes into 
another cloud, or elſe upon the earth; in 
which caſe it prefers the moſt: lofty.and E 
pointed places, and by this ſtroke produces 
all thoſe dreadful effects, that are known to 
be occaſioned by lightning: 


The air, at ſome diſtance from houſes, 
trees, maſts of ſhips, &c. is generally elec- 'Y 
trified poſitively, particularly in froſty, 
clear, or foggy weather; but how the air, 
the fogs, and the clouds become electrified 
has not yet been aſcertained, although ſe- 
veral conjectures have been offered. 155 


After that Electricity, and the matter of 
lightning were found to be the ſame thing, 
philoſophers began to ſuſpect the action of 
Electricity to be where it had before been 
leſs imagined, and not without reaſon en- 
deavoured to reconcile to it ſeveral other na- 


tural 
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|, toral appearances. The aurora borealis, or 
- TE nocthern light, was ſoon attributed to Elec- 
- WT ccicity; on obſerving that by this that flam- 
e ing light may be imitated *, and that the 
„aurora borealis, when very ſtrong, has been 


known to diſturb the magnetic needle +, 
which tl an effect of ee | 


d 3 The accentions, that are 1 ſeen in the 
I. & atmoſphere (commonly called falling Stars} 
are thought to be electrical appearances. 
rue ſame is alſo ſuppoſed to be the cauſe 
of ſuch other meteors like white clouds, 
„chat often appear by night-time, particu- 
- WT larly in hot climates, Beſides thoſe pheno- 
' 5 mena, water - ſpouts, hurricanes, whirl- 
- WS winds, and even earthquakes have been at- 


| WT tributed to Electricity. But now, perhaps, 
the reader will think philoſophers too extra- 

= vagant, in going ſo far with Electricity. 
0 3 The late Mr. CAx rom frequently collected Elec- 
i tricity in a conſiderable degree, during the time of an 
aurora borealis. His apparatus for that purpoſe con- 


liſted of an inſulated fiſhing rod, erected on the top of 
his houſe, and having a wire twiſted round, 


t See the Phil, Tranſ. vol. LIX. page 88. 


' ; Such 
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such thoughts ſeem at firſt fight to be ex- 1 f 
travagancies; but if it be conſidered, that 
they do not appear to contradicł the known E | 
laws of nature, that they are not aflertions 
abſolutely void of ptoofs, add that they 
are the thoughts of great philoſophers, > 


then, I think; they may be admitted, at 
leaſt ſo far as to be tried on proper oc- 


caflons, and to be conſidered as the moſt 3 


plauſible conjectures yet offered in expla- 4 


nation of the moſt ane g PRESSES of 


i. 
nature PY WW * 3 
= 
1 : 
” - 


— 
# 


o« 


„For further * 2 ſee Dr. F RANKLIN'S 
HON and Dr. PRIESTLEY® s Hift. of let. 


C HAP. 
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CHAP, IX. 
22 . He Ela. 


ATURE, ever 515 40 admirable in 
het actions, ſeems to follow. a cer- 
tain ſimilarity in her works with a confor- 


E mity of operations, and, from the ſimpleſt 
ss che moſt complicated of her objects, an 


analogy is obſervable, which, as it is won - 


\ aerful to be conſidered, ſo it is inſttuctive 


and uſeful. It is on account of this ana- 
logy, that whenever a diſcovery is made in 
any part of natural philoſophy; whenever 


: ſcience is advanced. We not only attain 


to the knowledge of that ſingle law, or par- 
ticular ſcience, but at the ſame time ac- 
quire means in general of inveſtigating the 
operations of nature with ſome what more 
certainty and accuracy, and by purſuing that 


analogy we are enabled to make further diſ- 


coveries,” and to improve every branch of 
knowledge. How far Electricity has con- 
tributed towards this purpoſe, I think is 
unnepeſſury to be further proved, when its 

a action 
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action has been ſhown to be ſo general, and I F 
fo powerful, as to perform what no art can i 
operate. But, beſides the field that Ele&ri- 
city has opened for further diſcoveries, and 
the ſatisfaction of that curioſity, which be- 
fore attended the'contemplation of ſo many 
wonderful phenomena as have been ex- 
plained» by this fcience, there are two great 4 T 
advantages derived from Electricity; the one 
is a defence againſt the direful effects of i 
lightning, and the other à remedy for i 
many diſorders incident to the human body. 


— 


In order to guard edifices or ſhips from 
being damaged by lightning, it was judici- 
ouſly propoſed, by Dr, FRAxRLIN, to raiſe 4 | 
a metallic Conductor ſome feet above the 
higheſt part of the building, and continue 
it down” the wall till it penetrated ſome feet 
into the ground; by this means the houſe IF 
could never receive any damage, for when- 
ever the lightning ſhould happen to fall 
upon it, it is evident that the Conductor, 
being of metal, and higher than any part 
of the building, would certainly attract it, 
and, by conducting it to the ground, hinder 
that building from receiving any damage; 
for 
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Wor it is known that Electricity always ſtrikes 
ne neareſt and beſt Conductors, that it meets 
Pith in its way. 


he reaſonableneſs and truth of this aſſer- 
oon has been confirmed by numberleſs facts, 
ad the practice of raifing ſuch Conductors 
ss been found exceedingly uſeful, particu- 
ry in hot climates, where thunderſtorms 
ee very frequent, and the damages occa- 
N b Woned by the ſame, too often experienced. 


sn regard tothe conſtruction of ſuch Con- 
WS uctors, there have been ſome controverſies 
mong Electricians; and the moſt advanta- 
0 eoeous manner of uſing them has not, with 
Put a great many experiments, and but very 
tely, been aſcertained. Some philoſophers 
Wave aſſerted that ſuch Conductors ſhould 
errminate in a blunt end, that they might the 
s invite the lightning from the clouds; for 
blunt end will not attract Electricity from 
great a diſtance as a ſharp point. But ſome 
cher philoſophers have thought a pointed 
mination to be much preferable to a blunt 
ne, and their aſſertion ſeems, on the fol- 
J lowing 
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lowing accounts, founded on much better 


reaſoning. 


A ſharp- pointed Conductor, it is true, 
will attract Electricity from a greater diſ. 
tance than a blunt one, but at the ſame 
time, will attract and conduct it by little 
and little, or rather by a continued ſtream, 
in which manner a remarkably ſmall Con- 
ductor is capable of conducting a very great 
quantity of Electricity; whereas a blunt- 
terminated Conductor attracts the Electri- Wl 
city in a full ſeparate body, or exploſion, in 


which manner it is often made red-hot, 


melted, and even exploded in ſmoke, and ; 
haps would not have at at ed it, if u 


had been ſharply pointed. 


A ſharp- pointed Conductor, certainly, in- 
vites the matter of lightning eaſier than «i 
blunt one, but to invite, receive, and con- | 
duct it in ſmall quantities never endanger i 
the Conductor; and the object of fixing i 
Conductor to a houſe, is to protect the 


houſe from the effects of, and not the Con- 
ductor from tranſmitting the lightning. 


5 u 


1 
1 
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ie is an obſervation much in favour of 
ſdharp- pointed Conductors, that ſuch ſteeples 
of churches, ànd edifices in general, as art 
terminated by pointed metallic ornaments, 
have very ſeldom been known to be ſtruck 
by lightning, whereas others that have flat 

or blunt terminations, and have à great 
» ; quantity of metal in a manner inſulated on 
. their tops, arg often ſtruck by it, and it 
is but ſeldom that they N without hat 
= damage. | 


Beſides . thoſe  confiderations, * a ſharps 
pointed Conductor, by the ſame property 
of attracting Electricity more than a blunt 
one, may actually prevent a ſtroke of light- 
ning *, to do which a blunt. ended one 1 
abſolutely r, . L 

A Conductor . to guard a build- 
Ing, as it is now commonly uſed in con- 
ſequence of ſeveral conſiderations, and ex- 


This and other properties of pointed ConduAars 
will be made to appear very evidently by experiments. 


periments, 
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periments, ſhould conſiſt of one iton rod * 
about three quarters of an inch thick, 
ſaſtened to the wall of the building, not 
by iron cramps, but by wooden ones. If 
this Conductor was quite detached from the 
building, and ſupported by wooden poſts at 
the diſtance of one or two feet from the 
wall, it would be much better for common 
edifices, but it is more particularly adviſa- 
ble for powder-magazines, powder-mills, 
and all ſuch buildings as contain com- 
buſtibles ready to take fire. The upper 
end of the Conductor ſhould be terminated 
in a pyramidal form, with the edges, as 
well as the point, very ſharp + ; and if the 
Conductor is of iron, it ſhould be gilt, or 
painted for the length of one or two feet. 
This ſharp end ſhould be elevated above the 
higheſt part of the building (as above a 
ſtack of chimnies, to which it may be 


20075 7 


Copper would do much better than iron for.a Con- 
ductor ; it being a more perfect Conductor of Electri- 
city, and at the ſame time not _ g ſubject to contract 
ruſt as foon as iron, | 


+ This pyramidal termination of the Condudtr i is an 
improvement of an ingenious Electrician, Mr. Swirr 


at Greenwich. 
faſtened) 


[ 
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| | Fittened) at leaſt five or fix feet. The 
5 W wer end of the Conductor ſhould be dri- 


en five or ſix feet into the ground, and in 


direction leading from the foundations; 
r it would be better to connect it with the 


eareſt piece of water, if any be at hand. 
WI this conductor, on account of the diffi- 
alty of adapting it to the form of the 
Wbuilding, cannot conveniently be made of 
one rod, then care ſhould be taken, that 
bvhere the pieces meet, they be made to 
come in as perfect contact with one another 
as poſſible ; for, as we obſerved before, 
4 | Electricity finds conſiderable obſtruction 


Where the Conductor is interrupted. 


= For an edifice of a moderate fize, one 
Conductor, in the manner already deſcribed, 
perhaps ſufficient ; but, in order to ſe- 
aure a large building from ſuſtaining any 
damage by lightning, there ſhould be two, 
chree, or more Conductors, in proportion 
soo the extent of the building. 
= On board ſhips a chain has often been 
uſcd for this purpoſe, which, on account of 
W's pliableneſs, has been found very con- 
| i venient, 
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venient, and eaſy to be managed among the 
rigging of the veſſel; but as the Electricity 
finds a great obſtruction in going through 
the ſeveral links, for which reaſon chains 
have been actually broken by the lightning, 
ſa their uſe has now been almoſt intirely Bl 
laid afide, and in their ſtead, copper wires 
a little thicker than a gooſe-quill have been 
ſubſtituted, and found to anſwer very well. 
One of theſe wires ſhould be elevated two 
or three feet above the higheſt maſt in the 
veſſel; this ſhould be continued down the 
maſt, as far as the deck, where, by bend- Wai: 
ing, it ſhould be adapted to the ſurface f. 
ſuch parts, over which it may moſt con-. 
veniently be placed, and, by continuing it 
down the fide of the veſſel, it ſhould be 
always made to communicate with the 


water of the ſca. 


1 


In regard to perſonal ſecurity, in caſe 
a thunder-ſtorm were to happen while a 
perſon is in a houſe not furniſhed with a 
proper Conductor, it is adviſeable not to 
ſtand near places where there is any metal, 
as chimnies, gilt frames, iron caſements, 


or the like; but to go into the middle of | 
; room, 


Ire 
ere. 


i 
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om, and endeavour to ſtand or fit upon 
hc beſt Non- conductor that can be found 
tt hand, as an old chair, a ſtool, &c. It 
eis ill ſafer (ſays Dr. FRANKLIN) to 
bring two or three matraſſes or beds into 
(the middle of the room, and, folding 
them up double, put the chair upon 
* them ; for, they not being ſo good Con- 
F Auctors as the walls, the lightning will 
not chooſe an interrupted courſe through 
the air of the room and the bedding, 
when it can go through a continued 
better Conductor, the wall. But where 
ix it can be had, a hammock-or ſwinging 
bed, ſuſpended by filk cords, equally 
diſtant from the walls on every fide, and 
from the ceiling and floor above and be- 
= low, affords the ſafeſt ſituation a perſon 
„ can have in any room whatever, and 
** what indeed may be deemed quite free 


: from danger of any ſtroke by lightning.” 


If a ſtorm was to happen whilſt a perſon 
in the open fields, and far from any 
building, the beſt thing he can do is to re- 
= within a ſmall diſtance of the higheſt 
rec or trees he can get at; he muſt by no, 
G 2 means 


. 
4 

4 
1 . 
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means go quite near them, but ſhould ſtop i 
at about fifteen or twenty feet from their 
outermoſt branches; for if the lightning 
ſhould fall thereabout, it will very probably 4 
ſtrike the trees; and in caſe a tree was to be 
ſplit, he is ſafe enough at that diſtance from 
It. 


In regard to the other great uſe of Elec- 
tricity, v/Z. its application as a medicine, 
there have been many opinions pro and 
contra, and the reputation of medical Elec - 
tricity has been very dubious and fluctua- Wil 
ting; owing to the exaggerations, the mil- 
takes, the prejudices, and the intereſt of 1 
thoſe who have adminiſtered it in phyſical 9 
caſes. But after many experiments, and 
after overcoming the rooted prejudice o 
ſeveral phyſicians againſt medical Elec- 
tricity, it has been clearly obſerved, that, 
when properly managed, it is an harmleß 
remedy, which ſometimes inſtantaneouſly i 
removes divers complaints, generally re- 
lieves and often perfectly cures various i 
diſorders, ſome of which could not be re- 
moved by the utmoſt endeavours of phyſi 
cians and ſurgeons, 


It 
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o 1 is an important remark, that Elec- 
. WS tricity, when properly managed, if it does 
not effect a cure, at leaſt it produces no 
bad effect; the few caſes in which it 
© WH ſeems to have produced any harm, are of a 
= doubtful nature. In order, however, to 
atisfy more fully the curioſity of the rea- 
der about this important ſubject, I ſhall 
here ſubjoin two caſes, in one of which, 
related by Dr. HART of Shrewſbury, the 
WS application of Electricity proved very per- 
a WT nicious; and the other is a moſt remarkable 
inctance of its good effect. In regard to 
„dhe firſt caſe, it is thought by ſome, that 
lcaricity was injudiciouſly applied; but 

of the veracity and juſt treatment of the 
{ſecond the reader can have no doubt, for it 
was executed by the celebrated Dr. War- 
SON, a gentleman, who is both an excel- 
lent phyſician, and one of the greateſt 
Electricians. 


A8 E I. 
= * A young girl, about ſixteen, whoſe 
right arm was paralytic, on being elec- 
** trified the ſecond time, became univer- 
G.3 « ſally 


— * 
„ < Fg: — IS - 


86 A CourIETE TREATISE 


1 « fally paralytic, and remained ſo about 2 3 I 
4 fortnight, when the increaſed palſy «= 


* 


34 removed by medicines, which her caſe Wc 
x « indicated; but the firſt diſeaſed arm re- 3 ot 
| « mained as before: I ſhould have men- 
q « tioned too, that this arm was greatly 

| «© waſted, in compariſon to the other. 

1 However, notwithſtanding the former bad . 
| accident, I had a mind to try the effect 

« of Electricity on her again; which we 
* renewed, and, after about three or four 
« days uſe, ſhe became the ſecond time 

* univerſally paralytic, and even loſt her 

4 “ yoice, and with difficulty could ſwallow, 

5 « This confirmed me in my opinion, that : 
4H * the electrical ſhocks had occaſioned thei: MR 
wo « ſymptoms.—We therefore omitted it, MW" 


% and the girl, though ſhe grew better of 
* her additional palſy, for ſo I call it, re- 
c mained as bad as before of her firſt *. 


CASE H, 


j 2 girl belonging to the Foundling Hoſ- 
| Pital, aged about ſeven years, being fir 


Phil. Tranſ. Vol. XLVIII. 
ſeized 
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\ Wired with a diſorder! occaſioned by the 
| 
ſe 

What her body ſeemed rather dead than 
alive. After other medicines had been 
4 Winefectually adminiſtered for about one 
month, ſhe was at laſt electrified intermit- 
5 tedly for about two months; after which 
time ſhe was ſo far recovered, that ſhe 
by : could, without pain, exerciſe every muſcle 
of her body, and perform every action as 
WWF well as before ſhe had the diſtemper . 


orms, was at laſt, by a univerſal rigidity 
of the muſcles, reduced to ſuch a ſtate, 


The remarks made by philoſophers, re- 


WW ating to the effects of Electricity upon the 
= human body in general, are the following 
v. that by electrization, whether poſitive 


or negative, the pulſe of a perſon is quick- 


K i ened, the number of pulſations being ge- 


| nerally increaſed about one ſixth; and 


that glandular ſecretions, and the inſenfible 
perſpiration, are promoted, and often even 
reſtored, when they had been entirely ob- 
ſtructed. Theſe effects may be proved by 


W {-veral experiments, independent of phyſi- 


+ Phil. Tranſ. Vol; L III. 
| G 4 | cal 
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cal, caſes; and I think there is nobody 
who will deny, that ſuch promotions are 
not only beneficial, but abſolutely neceſſary 
for removing ſeveral diſorders. It might 
be naturally ſuſpected, that the promotion 


of perſpiration, and of glandular ſecretion, 


were only the conſequence of the acce: 
lerated pulſation, and not the immediate 
effect of Electricity: but the contrary is Wi 
eaſily proved, by obſerving, that in various Wi 
caſes, the quickening of the pulſation by Wi 
otheg-means, independent of Electricity, as 1 
fear, exerciſe, &c. did not promote thoſe ſe- 
cretions nearly ſo much, if at all, as electri- 
zation; and alſo, that glandular ſecretion 
and perſpiration are often promoted by 
Electricity, when applied only to a particu- 
lar part of the body, in which caſe it ſeldom, 
if ever, accelerates the pulſation. 


Hitherto it has not been diſcovered, that W 
the electric fluid acts within the human body 
by any chymical property, as moſt medi- 
cines generally do; but its action, by which 
it produces the above-mentioned, effects, 
may be conſidered merely as a mechanical 
ſtimulus; for it ſeems to act as ſuch, even 

9 | within 


EI eTITSeIT YT. Oh 


within thoſe parts of the body, which, 
eſpecially when diſcaſed, are moſtly out of 
the reach of other remedies, | 


Formerly, in order to ſtimulate, or in 
general to apply Electricity to any diſeaſed 
part of the haman body, ſtrong ſhocks, or 
at leaſt very pungent ſparks, were thought 
neceſſary ; but at preſent it is very reaſon- 
ably eſtabliſhed, upon experience, that the 
greateſt eleEtric powers which can be ap- 
plied with good expectations, are exceed- 
ingly ſmall ſhocks and moderate ſparks, 
the proper force of which will be particu- 
larly deſcribed in the ſequel ; but that in 
general, the moſt proper treatment is, to 
throw the fluid by means of a wooden 
point, as it is commonly called, or merely 
by a metallic point ; in which laſt caſe, the 
perſon electrified feels only a gentle wind 
upon that part of the body towards which 
the point is directed. | 


By conſidering the above-mentioned ef- 
fects of Electricity, one may naturally ſuſ- 
pect, that in caſes of preternatural. diſ- 
charges, the application of Electricity would 

be 


Te Eren 
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be rather injurious than beneficial; be- | 
cauſe in thoſe caſes the diſcharge is required X 0 
to be ſuppreſſed, and not promoted. In 


reſpect to this important point, it has been 2 
obſerved, that if ſtrong ſhocks, or very 

pungent ſparks, are given to the patients pl 
afflicted with thoſe diſcharges, the diſeaſe t. 
is ſeldom cured, and on the contrary is WW « 
often increaſed ; but when only the fluid is it 
drawn from the part, by means of a wood- v. 
en point, or at moſt exceedingly ſmall WW +; 
ſhocks are adminiſtered, when the ſeat of the 8 
diſeaſe is more internal, then the diſcharge, «© 
&c. is at firſt generally promoted for a few * 
days or hours, according to the nature of cc 
the, diſeaſe and other circumſtances, but tt 
afterwards it leſſens by degrees, till it is 15 
quite cured. In cutaneous eruptions, the of 
application of Electricity is generally at- ta 
tended with ſimilar effects. The eruption oc 
firſt ſpreads farther for a ſhort time, and by 
afterwards lefſens by degrees till it quite ſh 
vaniſhes. From theſe obſervations it ap- ſt 
pears, that the application of Electricity, lo 
when judiciouſly managed, does not mere- oc 
ly promote any diſcharge or circulation of el 
fluids, but rather aſſiſts the virvite; or that ſe 


innate 
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innate endeavour, by which nature tends 
to reſtore the ſound ſtate of the injured 
parts of a living animal. 


It may perhaps be ever difficult to ex- 
plain in what manner Electricity aſſiſts 
that natural endeavour; but experience 
ſhews the certainty of the fact, and with 
it we muſt be gratefully contented ; for 
we may apply the effects to our wants, 
though we are ignorant of their cauſe, and 
of its mode of acting. When an electric 
ſhock is ſent through any part of the body, 
an inſtantaneous involuntary motion or 
convulſion is occaſioned, which ſhews that 
the muſcular fibres through which the 
ſhock is ſent, are expanded, or in ſome 
other manner convulſed. This involun- 
tary motion, though not ſo ſtrongly, is 
occaſioned alſo by ſparks, and often even 
by drawing the fluid. —Farther, when a 
ſhock is ſent through or over ſeveral ſab- 
ſtances beſides the human body, a tremu- 
lous motion and an expanſion is evidently 
occaſioned, as may be ſhewn by many 
electrical experiments. Now all theſe ob- 
ſervations may perhaps, in a manner, ex- 

10 plain 
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plain the action of Electricity upon the ip 
organized 'parts of arf Animal body, by 2 
comparing it with the tremulous motion | 
given to pipes of any ſort, through which Wl 
fluids'are tranſmitted, in order to accele- M 


rate their paſſage, and to prevent any ſtop. ga. 
page, which might ariſe from ſtagnatioa iſ fic 
or accumulation of groſs bodies. Perhaps re 
the reaſon why ſtrong ſhocks are generally WW. 
hurtful, may be becauſe the irritation they 1 ef 
give to the obſtructed parts, eſpecially when io 
they are very minute and delicate, breaks = 
their organization; the force being greater WW 1 
than thoſe parts can naturally bear, n. 
is 

Independent of undeniable practical ob- th 
ſervations, when it is only admitted that p- 
Electricity promotes natural ſecretions ard Wi ca 
circulation, which it certainly does, there WM ot! 
follows, that its application muſt be be- in. 
neficial in caſes of unnatural diſcharges; N co 
for in thoſe caſes the diſcharge is occa- Wl Ax 
ſioned by the obſtruction of the natural WW bo 
ways; but Electricity removes thoſe ob- me 
ſtructions, which is the ſame thing as to an. 
promote natural ſecretion and circulation; Wl of 
therefore, it muſt ſuppreſs the unnatural an 

diſcharge, 


: 
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a 
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diſcharge, which can no longer exiſt when 
the natural courſe of the fluids has been 


| 4 reſtored. 


With reſpect to diſeaſes in general, two 
ſtates of the affected parts ſhould be con- 
Whdered, The firſt is, the immediate and 
recent cauſe of the diſeaſe ; and the ſecond 
Witate is, the alteration of other parts, 
Weſpecially ſolid, which is occaſioned by the 
long continuance of the firſt and principal 
W cauſe ; thus, for inſtance, the weakneſs or 
rupture of ſome veſſels within the body, 
W may occaſion extravaſation of fluids, which 
Wis the firſt ſtate of the diſeaſe. Now if 
W theſe extravaſated fluids continue in any 
part of the body, they will gradually oc- 
; caſion a ſuppuration, an inflammation, or 
other ſymptoms, which vary according to 
W innumerable circumſtances. This we may 
conſider as the ſecond ſtate of the diſeaſe. 
Again, when a palſy deprives a part of the 
body of its motion, the fleſhy and even the 
more ſolid parts, in proceſs of time, waſte 
and become disfigured ; which is the effect 
of the obſtructed motion and circulation, 
and which we may therefore conſider as 
the 


_ — —— . — 
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the ſecond ſtate of the diſeaſe; and ſo of I 


the reſt. Now it has been obſerved, that | y 


the power of Electricity often removes the 
firſt ſtate of the diſorder ; but the latter is 


very ſeidom cured by it. Indeed it ſeems 
almoſt impoſſible that a disfigured bone or 
deſtroyed organization ſhould be reſtored 
to its ſound ſtate by means of Electricity. 
Dr. FRANKLIN having electrified ſeveral 


paralytic perſons in America, obſerved that 


they were generally relieved for a few days 


at the beginning, but that they afterwards Wl 
either did not mend, or relapſed into the 


ſtate, they ,were before the uſe of Elec- 
tricity . Here it muſt be obſerved, that 
thoſe paralyſies were moſtly of a long 
ſtanding, and alſo that the method practiſed 


by the Doctor, was to give ſtrong ſhocks, 


which we have already remarked to be ra- 
ther prejudicial. 


In general, the application of Electricity 
has been found to be of very little uſe in 
caſes of long ſtanding ; becauſe, as we ob- 


* See Dr. FRANRKLTIx's Philoſophical Letters, 


Papers, &c. and Dr. n Hiſt. of Elec- 


wy 
ſeryed 
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Wcrved above, the more ſolid parts, by the 
a long continuance of the diſorder, have un- 
Wdergone ſuch alteration, as cannot be re- 
ſtored by a mere ſtimulus, ſuch as the 
electric action is ſuppoſed to be. How- 
ever, ſometimes diſeaſes of many years 
ſtanding have been perfectly cured by 
means of Electricity. In theſe caſes there- 
Wore, although there may be leſs hope of 
Wefieting a cure, it is not improper to ap- 
W ply the power of Electricity, which, when 
Wjudiciouſly managed, does never produce 
any bad effects. 


Hitherto, I do not know that any au- 
chentic facts have ſhewn any difference 
between the application of different kinds 
Jof Electricity, in medical caſes. Whether 
the patients be electrified by the prime 
Conductor, or the inſulated rubber of the 
W uſual electrical machines, vis. whether 
they are electrified poſitively or negatively, 
ſeems to be quite indifferent. 


In reſpect to the caſes in which Elec- 
tricity may be applied; experience ſhews, 
that in general, all kinds of obſtructions, 

5 whether 
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whether of motion, or circulation, or of 
ſecretion, are very often removed or alle- 


viated by Electricity. - The ſame may be b 
alſo ſaid of nervous diſorders ; both which | 


include a great variety of diſeaſes. The 
application of Electricity has ſeldom in- 
tirely cured diſeaſes of a long ſtanding, 
although it generally relieves them. To 
perſons afflicted with the venereal diſeaſe, 
or to pregnant women, electrization has 
been thought to be pernicious; but my 


reader may be aſſured, that even in thoſe ; 
caſes it may be uſed without fear, if it is 


judiciouſly managed. When pregnant wo- 
men are to be electrified for any diſorder, 
the ſhocks ſhould be abſolutely forbidden; 
and even when the other more gentle treat- 
ments are uſed, a conſtant attention ſhould 
be given to any phenomenon that may 
appear in the courſe of the electrization; 
the method of which ſhould be increaſed, 
diminiſhed, or ſuſpended, according as 
circumſtances may indicate. 


Having thus given a ſummaty view of 
the theory of medical Electricity, without 
entering into the detail of many phyſical 

caſes, 


0 
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caſes, I ſhall reſerve to ſay ſomething of 
the practical part, for the third part of this 
work; whilſt J maſt refer the reader, that 
Wis deſirous of knowing further particulars 
relating to medical Electricity, to my Eſſay 
Won that ſubject, or to the works of others *. 


_ tt. 


CHAP. x. 
Containing @ compendious view of the prins 
cipal properties of Electricity. 


| A FTER the laws hitherto eſtabliſhed 

| in the ſcience of Electricity have 

been exhibited at large, and the particulars 
relating to each have been ſufficiently con- 
| ſidered, it will not be amiſs to ſhow in how 


* Abundance of phyſical caſes, in which Elec» 
ricity has been applied, may be met with in almoſt 
very writer on Electricity, but eſpecially” in JAl- 
LABERT'S Experimenta Electtica, LovETr's Subtil 
Medium proved, Westty's Deſideratum, or Elecs 
Wricity made plain and uſeful, Fercuson's Introdue- 
ion to Electricity, and BEckkT's Effay on Electria 
ity. Some caſes in which Electricity has been ſuc- 
eſsfully applied for the amauroſis are alſo related in 
he 1 and Sch Vel. of the Medical Eflays,, 

H ſmall 
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ſmall a compaſs thoſe laws may be reduced, : = 
and how narrow is the foundation of all i i 
that has hitherto been done. if 


I doubt not but this recapitulation will | 
prove very ſerviceable to thoſe, who are 
novices in Electricity, as, by getting in me- 
mory a few particulars, they will not only 
reconcile all that has been ſaid before, but 
alſo be enabled themſelves to explain moſt 
of the following experiments, and to un- 
derſtand the application of the hypotheſis, WM 
of which we ſhall next proceed to treat, Wi 


Y 2 „% WW £A © a 


2e. 


es, 


All the natural bodies are divided into Wi 
two claſſes, i. e. Electrics and Conductor. 
Electrics are ſuch as may by ſome means 


be excited, ſo as to produce Electrical ap- tr 
ances; but Conductors are ſuch as can- al 
not be excited by themſelves, i. e. without of 
the interference of an Electric: further, i 
electrical ſubſtances will not tranſmit Elec- 
tricity, whereas the ſubſtance of Conduc- = © 
tors is ASH by it, I A 
; Ele&rics may be excited three ways, i.. 's 


by fi friction, by * and cooling, and b 
melting, | 
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melting, or pouring one melted ſubſtance 
into another: 


When two different bodies, except they 
are both Conductors, are rubbed together, 
they will both (provided that which is a 
Conductor be inſulated) appear electrified, 
and poſſeſſed of different Electricities: ſo 
when à piece of ſmooth glaſs is rubbed 
with an inſulated piece of leather, it ac- 
quires one kind of Electricity, called the 
vitreous, poſitive or plus Electricity; and 
the inſulated leather acquires the other, 
ealled the reſinous, negative or minus 
Electricity. 


The difference between theſe two Elec- 
tricities conſiſts principally in the appear- 
ances of their light, and in the phenomena 
of attraction and repulſion, 


When the poſitive Electricity is entering 

à pointed body, it cauſes in general the ap- 

pearance of a lucid ſtar or globule on that 

point; but the negative Electricity generally 

ſhows a lucid pencil of rays ſeeming to iſſue 
from the extremity. of the pointed body. 

Ha Bodies, 
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-- Bodies, poſſeſſed of the ſame Electricity, 


repel each other; but bodies, poſſeſſed of 4 


different Electricities, attract each other. 


Whenever bodies of any kind come 


within the ſphere of action of an electri- 


fied body, except they are very ſmall, and 42 
inſulated, they become actually poſſeſſed of 


the Electticity contrary to that of the elec- 
trified body, to which they are preſented. 


by No Electricity can be obſerved upon the : 


ſurface of any electrified body, except that 


ſurface is contiguous to an Electric, which i | 
Electric can ſomehow or other acquire « 


contrary Electricity at a little diſtance. 


Otherwiſe, - no Electricity can appear upon | 


the ſurface of any eleArified body, except 
that ſurface. is oppoſite to another body, 


which has actually acquired the contrary i 
Electricity, and theſe contrarily electrified 


bodies are ſeparated by an Electric &. 


5. On conſidering this principle, it may be. aſked, MW 
why any Electricity can be obſerved upon the ſurface ln 


of an eleftrified body, that is infulated at à conſider- 


able diſtacice; from other Cendudtrs ? Or, whichs 
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If the repulſion exiſting between bodies 
poſſeſſed of the fame kind of Electricity be 
| excepted, all the other electrical pheno- 
mena are occaſioned by the paſſage of Elec · 
tricity from one body to another. 


A conſiderable quantity of Electricity 
exiſts in the atmoſphere, and is certainly 
employed for ſome great purpoſes of nature. 


me Electric, that is contiguous to the ſurface of an 

| eleqrified Conductor, or excited Electric, and which 
bas actually acquired a contrary Electricity at a little 
diſtance from the ſaid ſurface? To this queſtion is 
anſwered, that the air is in general the Electric, 
which is oppoſite to the furface of any eleArified body, 
which being not a perfect Conductor, does eaſily 
acquire a contrary Electrieity on a ſtratum; of its ſub- 
ſtance, that is at a little diſtance from the electriſied 
body; and in conſequence of this ſtratum, it acquires 
another ſtratum contratily electrified, and at a little 
diſtance from the former ; to this, other ſtrata ſucceed, 
alternately poſſeſſed: of poſitive and negative Electri- 
cities, and decreaſing in power until they vaniſh, or 
come to the walls of the room, &c. Conſider the 
experiment of the glaſs tube, mentioned in the VIth 
chapter, which ſhows that, in general, when an Elec- 
trie, ſufficiently denſe, is preſented to an eleQrified 
body, it acquires ſueceſſive zones, or ſtrata of poſitive 
and negative Electricity. as 


3 Hitherto 
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Hitherto Electricity has not been found ; id 


concerned in any fermentation,  evapora- 


tion, or coagulation, although the clouds, 


the rain, the hail, the ſnow and the fogs, 5 


are almoſt always electrified, 


Theſe few laws, well conſidered, will be 


found to contain almoſt all that is known : 
of the ſubject, and if properly applied, they 
may explain moſt of the nn that 


follow, 


Beſides what has been faid in this part 
of the preſent Treatiſe, there are ſeveral 
other maxims, rules, &c. to be known in 8 
Electricity; but as theſe moſtly reſpect the 
real practice, ſo they will be occaſionally 
inſerted in other places, that ſeem better Wl 


adapted to their reception, 
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Pan ae 


THEORY OF ELECTRICITY. 


CHAP. 1 


The Hypotheſis of Pofitive and Negative 
Electricity. 


T is the buſineſs of Philoſophy to collect 
FE the hiſtory of appearances, and from 
theſe to deduce ſuch mechanical laws, as 
may either be themſelves of immediate uſe, 
For lead to the diſcovery of other facts more 
Wintereſting and neceſſary for the happineſs 
Jof human kind. After a number of ſuch 
conſtant appearances, which are called na- 
W tural laws, have been eſtabliſhed, and con- 
Wirmed by a ſufficient number of experi- 
ments, it is then proper to inveſtigate the 
W cauſe of thoſe effects; which, if it is once 
W diſcovered, and its mode of acting is aſcer- 
tained, puts an end to the trouble of expe» 
W-imental inveſtigation, and renders the ap- 
; plication of its effects bn, and deter- 
minate. 


] 
” 
3 
1 


1 


H 4 | Cauſes 
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Cauſes and effects are ſo intimately con. 9 
nected and dependent on each other, that | 
throughout the ſyſtem of nature we every 0 
where diſcover a ſeries of energies, which 
whilſt they are depending .on, and derived 
from, their preceding terms, are at the ſame Wi 
time the cauſes of their ſucceeding ones. 
But what is the firſt cauſe of all the reſt, 
which being not the effect of any preceding, i 
may be called the ſource of all, and the fir F 
term in the ſeries? In contemplating this 
ſouree, the mind is loſt in wonder, and, af- x | 
ter we are advanced a few ſteps, we fini 
that a cloud obſtructs our further progrek, 
and, from continuing our inquiry and con- 
templation, nothing more can be derived but Wi 
an argument to prove the imbecillity and 


ſhortneſs of our underſtanding. This how- 
ever is not the ſubject of the preſent Tres 


tiſe; and all I meant to deduce is, that, aftet 
the laws of Electricity have been conſidered, 


it is neceſſary that we ſhould go a little fur- 
ther, and inveſtigate, if poſſible, the im- 


mediate cauſe of that property in natute, 
or confider the moſt probable conjectures 
that haye been offered on this ſubject: by W 
the knowledge of which we may explain a I 
2 11 the 


- +, *, * & Sh >.» 


tl 


tt 
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che known electrical appearances, and adapt 
their effects to our purpoſes with ſomewhat 
more certainty and preciſion, 


The yaſt number of hypotheſes that have 
been framed in explaining the electrical 
phenomena, from the infancy of the ſcience 
to the preſent time, may be eaſily imagined, 
by conſidering the great number of labour- 
ers, and the diſcoveries that have been pro- 

duced without intermiſſion in this field of 
wonders. It would be not only an endleſs 
work to relate all the hypotheſes hitherto 
offered, but alſo an uſeleſs one, when they 
have been evidently contradicted by ſeveral 
experiments; and after they have all given 
place to the hypotheſis of a ſingle electric 
fluid, which generally goes under the name 
of Dr. FRANKLIN's. That although this 
hypotheſis explains all the known electrical 
appearances, it is however not a demon- 
ſtrable truth, but the moſt probable ſuppo- 
fition, I confeſs ; and, in order that a due 
diſtinction might be preſerved between the 
Knowledge of facts, and the ſuppoſition of 
their immediate cauſe, I have ſeparated the 
Ser from the er, and followed that 

method 
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method which ſeemed more philoſophical 

and inſtructive; but now to make further 
apologies for admitting this hypotheſis, ata 
time when numberleſs experiments ſpeak 
clear in its favour, would be doing an in- 
jury to the philoſophical world in general, 
and eſpecially to the ingenious philoſophers 


that propoſed and improved it. I ſhall -% K 


therefore, without further preamble, lay it : ; 
down as it is now commonly and reaſonably Wi 
admitted; and ſhall uſe it in the explana- 


tion of the following experiments, 


All the phenomena called Electrical arc 
ſuppoſed to be effected by an inviſible ſub- ; 6 
tile fluid exiſting in all the bodies of the Bi 
earth. It is ſuppoſed alſo that this fluid is 
very elaſtic, i. e. repulſive of its own parti- 


cles, but attractive of the particles of other 
matter. 


When a body does not ſhow any electri- 
cal appearances, it is then ſuppoſed to con- 
tain itsnatural quantity of ele&ric fluid (but 
whether that quantity bears any proportion 
to the quantity of matter in general, or not, 
is uncertain), and therefore that body is 

bs ſaid 
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W:id to be in its natural, or non-electriſed 
We: but if a body ſhows any electrical ap- 
Pearances, it is then ſaid to be electrified, 
and it is ſuppoſed that it has either acquired 
n additional quantity of electric fluid, or 
What it has loſt ſome of its natural ſhare. 
T body having receiyed an additional quan- 
Wity of electric fluid, is ſaid to be overcharged, 

Wor poſitively electriſied; and a body that has loſt 
part of its natural quantity of electric fluid, 


is ſaid to be undercharged, or negatroely elec- | 


N , rified, 


From hence it appears, why the terms 
Wpo/itive and negative, or plus and minus 
; Electricity came to be uſed ; for the firſt ſig- 


a ſecond a real minus, or deficiency of the 
quantity of electric fluid proper to a body, 


= By this hypotheſis, which is analogous 
to the other phenomena of nature, the elec- 
trical appearances are eaſily explained, and 
there is not a ſingle experiment that ſeems 
to contradict it, Firſt it appears, that when 
n electric and a conducting ſubſtance are 
rubbed together, the Electricity is not then 
produced, 


; nifies a real plus, or ſuperfluity, and the | 


| 
4 
; 
| 
| 
| 
I 
i 
j 


—— — 


to be rubbed by a rubber applied on one fide of th: 
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produced, but by the action of rubbing one 
body pumps, as it were, the electric fluid] 
from the other“: hence, if one become i 
overcharged with it, or poſitively electrified, 5 
the other muſt neceſſarily be undercharged, 8 


* By what mechaniſm one body extracts the electte 
Auid from the other is not yet known, The celebrate! WM 
Father Beccarra ſuppoſes that the action of rubbing Wl 
increaſeth the capacity of the Electric, i. e. renders that E 
part of the Electric, which is actually under the rubber, 
capable of containing a greater quantity of electric fuid; | 
hence it receives from the rubber an additional ſhare of 
fluid: which is manifeſted upon the ſurface of the Elec: 
tric, when that ſurface is come out of the rubber; in 
which ſtate it loſes, or, as it were, contracts its cap tt. 
city. Signior BeccaR1a's experiment to prove this i 
ſuppoſition is the following: He cauſed a glaſs plate 1 | 


plate, while it was turning vertically; and holding Wl 
the ſame time a linen thread on the other ſide of th: 
plate, juſt oppoſite to the rubber, he obſeryed, that ti: Wi 
thread was not attracted by that part of the glaſs which | 9 
correſponded to the rubber, but by that which was op- 
pofite to the ſurface of the glaſs that had juſt come 
out of the rubber; which ſhows that the fluid, acquir: 
ed by the glaſs plate, did not manifeſt its, power until Wi 
the ſurface of the glaſs was come out of the rubber, 1 pri 
But, query, in what manner does the glaſs augment Wl wh 
its capacity of holding the electric fluid by the action il 
of the rubber ? See Dr, FRaxxLin's Letters; &c. 9 


\ 
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Pr electrified negatively, except its deficiency 
Sc ſupplied by other bodies communicating 
With it. From hence alſo appears the rea- 
Won, why, when an Electric is rubbed with 
Wn inſulated rubber, it can acquire but little 
lectricity: becauſe in that caſe, the rubber, 
ot communicating with other Conductors, 

pan ſupply the Electric with only that ſmall 
Wuantity of fluid which belongs to itſelf, 
Wor which it collects from the contiguous air. 


& Electric attractions eafily explained; for 
Whis does not exiſt, except between bodies 
Witterently electrified; which muſt certainly 
Wttract each other, on account of the attrac- 
ion exiſting between the ſuperflubus elec- 
Wric fluid of the bodies electrified poſitively, 
nd the undercharged: matter of the bodies 
lectriaed negatively. 


As to the repulſion exiſting between bo- 
dies poſſeſſed of the ſame Electricity; in or- 
er to underſtand its explanation thorough- 
. the reader muſt! be reminded! of the 
principle mentioned in the preceding part, 
Which is, that no Electricity, i. e. the elecs 
tric fluid proper to a body, can either be 
augmented or diminiſhed upon the ſurface 

N15 of 
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of that body, except the ſaid ſurface is con- 
tiguous to an Electric, which can acquire 
contrary Electricity at a little diſtance; fron i 
whence it follows, that no Electricity can be I | 
diſplayed upon the facing ſurfaces of two 
bodies that are ſufficiently near one another, | 
and both poſſeſſed of the ſame Electricity; 
for the air that lays between thoſe contigu- 

ous ſurfaces has no liberty of acquiring any 
contrary Electricity. This being premiſed, 
the explanation of electric repulſion becomes il 
very eaſy. Suppoſe, for inſtance, that two Wl 
ſmall bodies are freely ſuſpended by inſulated Wl 
threads, ſo that when they are not ele&trified 
they may hang contiguous to one another. 
Now ſuppoſe thoſe bodies to be eleEtrificd Bl 
either poſitively or negatively, and then they 5 ; 
muſt repel one another; for either the in- 
creaſed, or the diminiſhed natural quantity of 
electric fluid in thoſe bodies, will endeavour W 
to diffuſe itſelf equally over every part of the 
ſurfaces of thoſe bodies, and this endeavout 
will cauſe the faid bodies to recede from each 
other, ſo that a quantity of air may be in- 
terpoſed between their ſurfaces, ſufficient to A 
acquire a contrary Electricity ata little dil- W 
tance from the ſaid ſurfaces.— Otherwiſe, 
it the bodies, poſſeſſed of the fame Electri- Wh 


. 4 
cit), 
N 
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W city, do not repel each other, ſo that a ſuffi- 
cient quantity of air may be interpoſed be- 
Wrween their ſurfaces, the increaſed quantity 
Jof electric fluid, when the bodies are elec- 
trified poſitively, or the remnant of it, when 
che bodies are electrified negatively, by the 
above principle, cannot be diffuſed equally 
chroughout, or over the ſurfaces of thoſe 
W bodies ; for no Electricity can appear upon 
me ſurfaces of bodies in contact, or that are 
very near one another. But the electric 
fluid, by attracting the particles of matter, 
WE endeavours to diffuſe itſelf equally through- 
out, or over the ſurfaces of thoſe bodies; 
iW therefore the ſaid bodies are, by this endea- 
your, forced to repel one another. 


I think it is unneceſſary to inſiſt further 
upon the above explanation; for the princi- 
ple, upon which it depends, ſeems univer- 
ſal and clear, fo that it may be eaſily applied 
to explain electric repulſion in general, as 
well as the repulſion between the above- 
mentioned two bodies. : 


| The charging of coated glaſs, and other 
= Elccrics, as well as the other phenomenaof 
Wy Eleftricity, may alſo be cafily accounted for 


by 


| 
| 
| 
, 
' 
; 
J 
| 
: 
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by the above-mentioned hypotheſis of Elec« 
tricity ; but, I think it unneceſſary to enu- Wl 
merate, and account for all the particular; 
in this place, as we ſhall have occaſion to lf 
þ of them in the explanation of the ex. Ml 

wy in the third part. 


— 4 
ths Aa th is. DM. 1 as. tc. 4 Mae th. add 4. ii. _—— a 


n 
the Nature of the eric F uid. 


HE human 2 never r ſatisfied, after 3 

the cauſe of ſome effects has been diſ- i 
covered, or only gueſſed at, attempts to in- 
veſtigate ſome more intimate quality, and 
even the origin of that ſuppoſed cauſe, Wi 
making further ſuppoſitions, and framing 
other hypotheſes, which, by the courſe of 


things, mult certainly be leſs probable than ig 
the former. This unlimited endeavour to ac- Me. 
quire knowledge is often too ridiculous to Y 

be purſued, on account of its abſtruſencls N 
and uncertainty, eſpecially when the ſteps on 
immediately preceding the ſubje& in hand ci. 


have but a ſmall degree of probability, It kit 

is from hence that, Philoſophers have fre- Medi 

quently ſpent a great deal of time, and trou · Wi 

ble in attempting to diſcover the a blos 
N | | = | 
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nd cauſes of what exiſted only in their on 
aginations. Sometimes, however, when 
ſuppoſed exiſtence comes ſo very near to 

ruth, that the moſt ſceptic Philoſopher he- 
W tatcs not to confeſs the probability of it, 
r when he can invent no argument to evince 
De contrary, then it is not only allowable, 
dut neceſſary for the buſineſs of Philoſophy, 
Wo purſue the enquiry further, and, if no- 
hing elſe can be aſcertained, at leaſt to pro- 
jole ſome further conjectures upon the for- 
er hypotheſis. This now is the caſe in 
he ſcience of Electricity; and after we have 
lated the moſt plauſible hypotheſis as yet 
ffered, 7. e. that of a fingle elaſtic fluid, 
e come in this place to conſider the eflence 
f this fluid, in order, af poſlible, that we 
Right attain to, at leaſt, ſome probable con- 
Cture reſpecting its materials. 


When nothing more than electrie attrac- 
lon and repulſion had been obſerved, Elec- 
Ficians ſuppoſed that theſe were effected by 

kind of unctuous effluvia proceeding im- 


. iediately from the electrifled body; bur 


hen the light, the burning quality, the 
| ioſphoreal ſmell, &c. was perceived to be 
| I produced 


P 
; 


— 
WW — 
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produced by excited Electrics, then it vu 
naturally ſuppoſed, that the electric flu 
was of the ſame nature with fire. This opi- 4 | 
nion has prevailed much among ſeveral Phi. 
loſophers, and it is from hence, that th 

electric fluid has been commonly called Elec. 
tric Fire. Beſides this ſuppoſed identity of 
the electric fluid, and the element of fir, 
there have been two other opinions concern 
ing the efſence of this fluid; it having bee 
thought by ſome to be the ether of Sir Isa 
Nxwrox, and by others (whoſe opinio 
ſeems to be the moſt probable) to be a fluid 


ow 


"fur generis, i. e. different from all oth 
known fluids. | 


In order the more regularly to examine | 
theſe conjectures, it will be neceſſary to pre- : ti 


miſe ſomething in regard to the nature d m 
fire, at leaſt ſo much as is ſufficient for the 8 lu 
preſent purpoſe. = !t; 
=_ i: 

The element of fire may be conſidered u 
regard to its ſpring, to the different ſtates i hu 
its exiſtence, and to its effects. In regard u pa 
its origin it is commonly ſpecified under th vic 
names of Celeſtial, Subterraneous, and Cu-. ib 


ina 5 
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linary Fire ; underſtanding by the firſt, that, 
which proceeds from the ſun, and, by being 
diſperſed throughout the univerle, gives life, 
and motion to almoſt everything that exiſts; 
by the ſecond, that, which is the cauſe of 
voleanos, hot fprings, &c. and laſtly, under 
the name of Culinary Fire, underſtanding 
that, which is commonly produced upon tho 
earth, by burning ſeveral ſubſtances. Thete 
diſtinctions however are little if at all uſe- 
ful; for, whatever be the origin of fire, its 
effects are always the ſame. 


Ins reſpect to the different ſtates of its ex- 

| iſtence, the Chymiſts know only two; the 
firſt obvious one, and indeed that, to which 
only is given the name of Fire, is that ac- 
tual agitation of the particles of that ele- 
ment, which produces the complex idea of 
lucid, hot, &c. that is commonly under- 
W ſtood under the name Fire; and the other 

| ſtate is the real principle of fire exiſting as 
| 2 conſtituent principle in ſeveral, and per- 
haps all ſubſtances ;' br, that matter, whoſe 
particles, when agitated in a peculiar and 
violent manner, produce the common ſen- 
ſible fire. : | 

I 2 This, 


| 
| 

„ 
| 

1 


3 AAS he - 
as 
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This, which we may call fire in an un. 
active ſtate, is the Phlogiſton of the Chymiſts, » 
and is that, which when united ina ſufficient 
quantity with other ſubſtances, renders them i 
inflammable. That this principle does real. 
ly exiſt, is beyond a doubt; we may tranſ- 
fer it from one body to another; we may 
render a body inflammable, which in its own i 
nature 1s not ſo, by ſuperinducing on it the : | 
phlogiſton ; and we may reduce a body na- 
turally inflammable, to a ſubſtance not in- 


flammable, by depriving it of its phlogiſton, 


- Now the electric fluid, as far as we can 
determine, bears but a very ſmall reſem- 
blance to the above-mentioned two ſtates of 


fire; for although it exiſts in different bo- 
dies, as the phlogiſton, yet when we com- 
pare its other atrributes with thoſe of fire, 
we then immediately perceive it to be not 
the ſame, but a different principle. In the 
firſt place, if they were both the ſame thing, 
they ſhould be always together, and when- 
ever ſuch a quantity of fire exiſts, there the 
fame quantity of electric fluid ſhould be 
found: but this is contrary to experiments; 
for a piece of metal or other ſubſtance may 

acquire 
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acquire a great degree of heat without ap- 
pearing at all electrified ; and on the other 
hand, may be ſtrongly electrified without 
acquiring by it any ſenſible degree of heat, 
or any addition to'its phlogiſton. Se- 
condly, fire penetrates every known ſub- 
ſtance, and an exceedingly ſmall quantity 
of it is diffuſed alike throughout bodies of 
every kind; whereas the electric fluid per- 
vades only Conductors *. Thirdly, the 
electric fluid goes through a very long 
Conductor in a ſpace of time almoſt in- 
ſtantaneous; but fire is very ſlowly propa- 
gated. I might enumerate ſeveral other 
improprieties attending this hypotheſis of 
the ſameneſs of fire and the electric fluid, 
but thoſe already mentioned are, I think, 
ſufficient to induce my readers to ſuppoſe 
otherwiſe, 


Dr. PRixsTLEV, on obſerving that the 
electric exploſion, taken in different kinds 
of air, acts, in general, like other phlogiſtic 


Here may be obſerved, that heat pervades more 
ealily the ſubſtance of ſome good Conductors of Elec» 


tricity ; but the rule however is far from being gene- 
ral. * i 


13 proceſſes, 
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in which the exploſion is made 5. 


In regard to the ſimilarity between the 
effects of fire, and the effects of the electric 
fluid, it will be very obvious to remark, 
that although fire is in ſeveral inſtances 
produced by the eleCtric fluid, yet we ſhould Bi 
never confound the one with the other, and i 
conſider them both as the ſame thing; for 
it is well known that friction produces fire, 
and it is by no means ſurprifing that the P 


electric fluid, by the rapidity of its motion, 


+ Obferyations on different Kinds of Air, vol. Il 
fee. XIII. | 
$ See my Treatiſe on Air, &c, p· 433- 


through 


= h 


proceſſes, ſappoſes that the electric matter Wt! 
either is, or contains, phlogiſton +. Infi | 
regard to this, I would obſerve, that there 
is no neceſſity of ſuppoſing the electric J 
matter either to be, or contain phlogiſton, 6 
on that account; for the phlogiſton, in this 
caſe, may, by the force of the electric ex | 4 | 
ploſion, be extricated, either from the ſur- 4 
face of the Conductors, between which the 7 
exploſion is taken, or from particles of 1 
heterogeneous matter floating in that ait, 


= 
7 4 
= 
wy 
q * | 
yy 
9 


erer. 


a through ſubſtances, that in ſome manner 
obſtruct its paſſage, ſhould generate light, 
heat, rarefaction, and the other effects of 


fire *. 


Mr. HENL , in conſequence of ſeveral 
very intereſting experiments, that he has 
lately made, ſuppoſes, that, although the 
electric fluid may be neither phlogiſton nor 
fire, yet that it is a modification of that 


element, which, while in a quieſcent ſtate, 


is called Phlogiſton, and when violently 
agitated is called Fire. We conſtantly ob- 
ſerve (ſays he) I. that if two bodies are 
rubbed together, which have an equal 
quantity of phlogiſton (which is the caſe 
with bodies of the ſame kind, as glaſs and 
glaſs, metal and metal, &c.) they acquire 
either very little, or no Electricity at all. 
II. That as one of the bodies has a greater 
quantity of phlogiſton than the other, ſo 
they acquire a greater quantity of Electri- 
city, as when glaſs is rubbed with metal, 


Here it is proper to obſerve, that the electric 
fluid ſhows no effects of fire, except when it goes 
through ſome medium that obſtructs its free paſſage. 


14 III. 
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III. That a certain degree of friction pro. | | 
duces Electricity, and that a more violent 
fricbion produces fire, but no Electricity, « 
may be obſerved by rubbing together two 5 | 
pieces of baked wood, of glaſs, &c. IV. 4 
And that in general, bodies, poſſeſſed of 1 j 4 


greater quantity of phlogiſton, give the 


electric fluid to bodies that have leſs of it, 
i. e. they acquire the negative Electricity, 
when rubbed with bodies that have a le; g | 


quantity of phlogiſton “. *, 


From theſe obſervations we gather, that 1 | 
the electric fluid, and fire, are produced by 


* Mr. HNL, in order to try what Electricity 3 g 
different ſubſtances would acquire, inſulated them upon 1 


ſticks of ſealing wax, and rubbed them againſt his 


woollen coat, or waiſtcoat. In this manner he tried ll 
a- vaſt number of vegetable, animal, mineral, and 


artificial ſubſtances ; and he diſcqvered a very re- 
markable law, which is, that ſuch ſubſtances, which 
have a great quantity of phlogiſton, as vegetable 
ſubſtances, and particularly the hot, aromatic plants 
and ſeeds, &c. give the electric fluid; that is, 
they acquire the negative Electricity when rubbed 
againſt woollen cloths ; and, that ſuch ſubſtances, 
which have but little phlogiſton (as moſt animal ſub- 
ſtances) acquire the electric fluid from the ſaid cloths, 
i. e. they are electrified poſitively. See the Phil, 
Tranſ. for the year 177 7+ 


ſimilat 
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gpg milar operations, and are both extracted 
W from bodies abounding with phlogiſton : : 
and hence he concludes, that, the phlo- 
giſton, the electric fluid, and fire, are only 
different modifications of the very ſame 

| element ; the firſt being its quieſcent ſtate 
of exiſtence, the fecond its firſt active, and 
the laſt its more violent ſtate of agitation : 


like fermentation producing firſt wine, ſe+ 


condly vinegar, laſtly putrefaction. 


I ſhall only obſerve further on this in- 
genious hypotheſis, in order to ſhow its 
great degree of probability, that it is ſo 
yery analogous: to the other operations of 
nature, and at the ſame time ſo clear, and 
ſimple, that I think it can hardly be diſre- 
garded by the moſt prejudiced Philotopher, 


As to the identity of the Electric, and the 
ethereal fluid, it ſeems to me quite an im- 
probable, or rathera futile, and inſignificant 
hypotheſis; for this ether is not a real, 
exiſting, but merely an hypothetical fluid, 
ſuppoſed by different Philoſophers to be 
endued with different properties, and to be 
an element of ſeyeral principles. Some 

ſuppoſe 
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ſuppoſe it to be the element of fire itſelf, 
others make it the cauſe of att raction, 
others again derive animal ſpirits from it, 
&c. ; but the truth is, that not only the ef- 
ſence, or properties, of this fluid, but even 
the reality of its exiſtence is abſolutely un 
known, : 


According to Sir Isaac NzwrTon's 
ſuppoſition, this ether is an exceedingly 
ſubtle, and elaſtic fluid, diſperſed through- 
out all the univerſe, and whoſe particle: 
repel the particles of other matter. But 
on this ſuppoſition the electric fluid is dif- 
ferent from ether; for, although the for- 
mer is ſubtle, and elaſtic, like the latter, 
yet (as Dr. PxIxSsT LEV obſerves) it is not 
repulſive like the ether, but attractive of 
all other matter. 3 


CHAP 
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. 
Of the Nature Electrics and Canducts. 


HE remarkable difference exiſting 

between the two claſſes of bodies in 
regard to Electricity, i, e. Electrics and 
Conductors, naturally induces an Electri- 
cian to inquire what is that principle in 
bodies, or by what mechaniſm ſome ſub- 
ſtances become capable of tranſmitting the 
electric fluid, whilſt others are impervious 
to it? 


In regard to the explanation of theſe two 
remarkable properties, there have been, as 
might be expected, ſeveral conjectures of- 
fered; but, except one probable hypothefis, 
there is nothing as yet aſcertained. When 
the catalogue of Electrics and Conductors 
was very ſhort and imperfect, it was ſup- 
poſed that, the only two conducting princi- 
ples were metals, and water ; and that all 
ſubſtances were nearer, or further from the 
nature of a perfect Conductor, in proportion 
as they contained a greater or leſs quan- 

tity 
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tity of the above principles in their com- 
poſition. Wood, for inſtance, was ſup- 


poſed to be a Conductor only on account 1 


of the water it contained within its pores; 


accordingly, it was obſerved, that the 3 
greater quantity of moiſture the wood con- y 
tained, the better Conductor it proved to 1 
be, and on the contrary, that it acted more 
like an Electric, in proportion #s it was 4 | 
freed from its moiſture. But when water 
itſelf was obſerved to be a bad Conductor, 
and hot air, and charcoal to be good Con- 


ductors, eſpecially the latter, which ſub- 


ſtances, it ĩs well known, contain nqgrater 1 
nor metal, at leaſt not in ſuch a quantity 
as is ſufficient to change a non- conducting 
ſubſtance into a Conductor, then the for- 


mer ſuppoſition was laid aſide, and another 
was offered by Dr. PRIESTLEV, in his ſe- 
cond volume of Obſervations on the differ- 


ent Kinds of Air * K which ſeems to be well 


founded, . 


The Doctor, conſidering what the prine 
ciple is, which Conductors poſſeſs in com- 


® Sec, XIV, | 
mon, 
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mon, and finding one of their common in- 
gredients to be the phlogiſton, deduces 


from thence, that the conducting quality 


is abſolutely owing to the phlogiſton. 
« Had there been (ſays he) any phlogiſton 
« jn water, I ſhould have concluded, that 
«there had been no conducting power in 
% nature; but in conſequence of ſome 
« union ef this, principle with ſome baſe. 
In this, metals and charcoal exactly 


WW << agree :—while they have the phlogiſton, 
they conduct; when deprived. of it, they 
will not conduct. 


And in a note to this paragraph, he ſub- 


W joins: 


Having ſince found, that long agitation 
in the pureſt water injures air, ſo that 
* a candle will not burn in it afterwards, 
* which is preciſely the effect of all phlo- 
* giſtic proceſſes, I now conclude that the 


* maxim, ſuggeſted in this paragraph, is 
= * unverially true.” 


This hypotheſis ſeems very | ingenious 
and probable; and, till any other more 
plauſible 
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plauſible be offered, or experiments contra. i 
dict it, I think we may ſafely make uſe of 
it in purſuing our electrical inveſtigations, "RN 
and endeavour to reconcile to it the pheno | 
mena already diſcpyered in Electricity. 


CHAP, IV. 
Of the Place occupied by the electric Fluid 


EFORE e quit the hypothetici if 

part of this Treatiſe, it may be proper 

to ſay ſomething concerning the reſidence 
of the electric fluid, either natural to: 
body, or ſuperinduced on it. That the 
electric fluid, proper to a body when in in g 
natural ſtate, is equally diffuſed throughou . d 
all its ſubſtance, I think no one will deny; fu 
becauſe that fluid is attractive of the parti WW al: 
cles of all other matter, and the parti : ca 
cles of other matter are attractive of the du 
electric fluid; and as this attraction is in 
proportion to the quantity of homogeneo ip 
matter, any quantity of matter will cet: 
*tainly attract a quantity of electric flu 


proportionable to itſelf; therefore, dhe 
we electii 
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electric fluid muſt be equally diffuſed 
throughout all the parts of that portion of 
matter. This propoſition, however, will 
take place only in ſpeaking of Conductors; 
for it is founded upon the ſuppoſition, that 
the electric fluid, proper to a body in its 
natural ſtate, does freely pervade that ſub- 
ſtance ; but whether this is a fact reſpect- 
ing Electrics, or not, hath not hitherto been 
aſcertained. As far as may be judged from 
experiments, I ſhould ſuppoſe this rule-to 
hold good with Electrics allo ; and my 
ſuppoſition is founded upon the following 
reaſoning :—AIll the Electrics, when made 
very hot, become Conductors *; in that 
ſtate, therefore, the above rule muſt hold 
good, i. e. the electric fluid, proper to their 
quantity of matter, muſt be equally dif- 
fuſed throughout their ſubſtance: and as 
all the Electrics in nature, before they be- 


ame ſuch (we may ſuppoſe) were Con- 


ductors; in that ſtate they certainly had 


* As this propoſition has been found trus in all the 
experiments hitherto made, I think it may be con - 


ſidered very properly, as a general law in che ſcience of 
EleQricity. 


2 ** 


1 


R 


e 


U 
CY 
% 
—_= 
8. 
Cf 
4 


L 
FS 


428 4 CourtzTE TREAT ISE 


— 
FE. we rn Bu 3: Cna 1 "3s l 
e \ My 2 . - I” = 1 


ea LA. 
3 mis 


n 
oy [ 


their proper ſhare of fluid. Now as they 
afterwards cool, and become Electrics, it 
ſhould ſeem that the change of their na- 
ture could not affect the equal diffuſion of 
the electric fluid, which took place whilſt 
they were in a conducting ſtate. In con- 
ſequence of this conſideration, the differ- 
ence between a Conductor and a Non- 
conductor, in regard to their natural quan- 
tity of electric fluid, is, that in the former, 
the fluid may eaſily move, whereas in the 
latter, it is confined in its pores. But it 
may be aſked, whether a quantity of elec- 
tric. matter contains as much electrie fluid 
as an equal quantity of conducting matter; 


a piece of roſin, for inſtance, when melted, 


does it contain more, leſs, or the ſame 
quantity, of electric fluid as when cold? 
To this queſtion I can give no ſatisfactory 
anſwer; for, by the experiments hitherto 
made, nothing certain has been deter- 
mined. Dr. PRIEST LEV, in order to aſ- 


certain this matter, made the following ex- 


periment: He made a piece of glaſs red- 
hot (in which Nate it is a Conductor) and 
placing it upon an inſulated piece of cop- 
per, left it in that ſituation till quite cold 
4.784 (i. e. 


F Binerrrerry, 13g 
. e. till it became an Electric) but in all 
he time of its cooling, no Electricity of any 
Wind was perceived; either in the copper or 


aſe, if the piece of glaſs had contained 
ither more or leſs fluid when in an Elec= 
ric, than when in a cbnducting ſtate *. 
WT his experiment ſeems to give a deciſive 
Wanſwer to the above queſtion; but when the 
xperiments, mentioned in the firſt part, of 
elting an electric ſubſtance into another, 
and other facts of a ſimilar nature, are duly 
conſidered, they ſeem to make the anſwer 
gain difficult d. It muſt therefoſ be con- 
feſſed, that this matter femains as yet un- 
Wſcttled ; and nothing but further experi- 


8 ments, and the diſcovery of other facts; ean 


detetmine any thing ſatisfactory about it, 


* Hiftory of Electricity, p. 716.— Experiments of 
a ſimilar nature ate met with in Baca s Electri- 
ciſmo Artificiale, 


_ $ The wax-chandlers, in forming their maſs into 
Wfiicks, &c. find it ſo ſtrongly attractive of duſt, &c. 
that they are obliged to uſe great caution in keeping 


iar ſufficient diſtance from the charcoal fire, over 
which they work, left it ſhould (as ſometimes hap- 


pens) cover itſelf with aſhes, and thus ſpoil the work. 


* lh 


plaſs ; which would have certainly been the 
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In reſpect to the place occupied by the 
electric fluid ſuperinduced on a body, it 
has been thought, by ſeyeral ingenious per- 
ſons, that, when a body is electrified, al 
the ſuperfluous fluid, or all the deficiency 
of it, in caſe the body is electriſied nega- WW 
tively; reſides as a kind of atmoſphere all 
around the body; to this atmoſphere they 
attribute the phoſphoreal ſmell, and that 
tickling ſenſation' produced by an excited il 
Electric; and they even ſuppoſe that theſ Wl 
atmoſpheres may be made viſible. But i 
this aſſertion it is anſwered by others, that Wi 
if the Electricity communicated to, a body Wi 
did reſide round it like an atmoſphere, it 
ſhould certainly repel the air contiguous © if 
that body; but this is not the reſult of cx- 4 
periments ; for it has been found that the Wi 
electric atmoſphere, however denſe, if i 
does at all exiſt, has no effect upon the at 
contiguous to the electrified body, nor ha 
the motion of the air, even a violent wind, 
any effect upon the atmoſphere. In regard Bi 
to the above-mentioned ſenſations of phot- % 
phoreal ſmell, &c. it is thought that the) I 
are only occaſioned by the electric fu Wi 

| entering 
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ſubdivided manner. 
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From what may be deduced from expe- 


riments, it appears that, although the elec- 


tric fuid is tranſmitted, through the ſub- 


ſtance of Conductors, yet no communi- 


cated Electricity can be obſexved within a 
ſufficiently narrow cavity of an electrified 


body; belides, if two bodies of the ſame 6ze 
and figure, but of different denſities, are 


electriſied together, and afterwards ſepa- 
rated, they will acquire each the ſame 
quantity of Electricity, i. e. the Electricity 


| | that they acquire will be proportional. to 


their ſurfaces, and. not to their. reſpective 
quantities of matter. 


We may laſtly e that the Elec- 
tricity communicated to a body, lies not 
diffuſed throughout the ſubſtance of that 
body, but on that ſurface of it Which is 
contiguous to a free Electric, i. e., to an 
Electric, that is not e a an ho» 
mologous ne 
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0 the electrical Apparatus ene 


1THERTO we have treated of 
Electricity only theoretically, hay- 
ing noted what has been found uniformly 
certain relative to this ſubject, and having 
exhibited a view of the moſt probable con- 
jectures offered in explanation of electri- 
cal appearances; but Electricity being 1 
ſcience, , that requires a more practical 
management, than perhaps any other 
branch of natural philoſophy, it is, neceſ- 

ſary, that we ſhould now treat of it prac- 
tically, and give the beſt directions we ate 
able, both in regard to the conſtruction of 
the neceffary apparatus, and to the per- 
formance of the experiments, not only re- 
quiſite in proving the foregoing Propoſi- 

e |. op tions, 
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tions, but ſuch alſo as are pleaſing and 
entertaining. 


In this part of my work the reader will 
perhaps find more novelty, than he ex- 
pects; for, conſidering the number of books 
that have been lately publiſhed on this 
ſubject, one would imagine that all the ex- 
periments poſſible to be exhibited with an 
electrical machine, and its appendages, - 
have already been deſcribed. The caſe 
however is much the contrary; for not only 
the old experiments have been diverſified, 
but a variety of new ones have been in- 
vented, and even the principal part of the 
apparatus has undergone ſeveral changes, 
and improvements. 


, In order the more regularly to proceed 
in the deſcription. of the electrical appara- 
W tus, it will not be improper to divide its 
parts into three claſſes; conſidering in the 
firſt, the inſtruments neceſſary to produce 
Electricity; in the ſecondi thoſe proper to 
accumulate, retain, and employ it; and 


ity, and aſcertain its quality. 
K 3 The 


laſtly, thoſe neceſſary to eee | 
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The prificipdl inſtrutent to produce 
Electricity, is the electrical Machine, 1. e, 
a machine capable by any means of exciting 
an Electric, ſo as to produce electrical ap- 
pearances. The conſtruction of thoſe ma 
chines, from their firſt invention to the pre 
ſent time, has undergone ſo many changes, 
and their forms have been ſo much varied, 
that it would be very difficult, and even 
tedious, to deſcribe "thoſe only which ar: 
molt frequently in uſe. ” Every maker, and 
almoſt t every Electrician conſtructs his own 4A 
machines in a manner different from th: 5 
reſt; and, as new facts, or long practice | 
points out ſome imperfections, the Elec- i | 
trician is ready to conttive a new method 
to correct the preceding errorz. Indeel 
the rapid advance of the ſcience is moſtly 
owing, to this change, and variety of con- 
ſtrutions; for whether caſual, or defigned, 
+ new-gonſtryRion' has generally either 
ptodured ſome diſcovery of i importance, ot 
"expoſed ſome defect in the apparatus, and 


ee e of the fame, 5 
Pbat the reader may be "oy at the « 


ere of choofing the form of his ma- 
N chine. 
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chine, I ſhall in this chapter lay down the 
moſt neceſſary rules to conſtruct electrical 
machines in general; and ſhall reſerve for 
the next chapter the particular deſcription 
of ſome machines, that are the moſt uſeful, 
and which contain all the improvements 
hitherto made. 


The principal parts of the machine are 
the Electric, the moving Engine, the Rub- 
ber, and the prime Conductor, i. e. an in- 
ſulated Conductor, which immediately re- 
ceives the Electricity from the excited 
Electric. ; 


The Ele&ric was formerly uſed of dif- 
ferent ſubſtances, as glaſs, roſin, ſulphur, 
ſealing- wax, &c. ; and of different forms, as 
cylinders, globes, ſpheroids, &c. This 
diverſity then. obtained on two accounts, 
firſt, becauſe it was not aſcertained, which 


7 ſubſtance or form would anſwer beſt, and 


ſecondly, on account of producing a nega- 
tive, or poſitive Electricity, at the pleaſure 
of the operator; for before the Electricity 
of the inſulated rubber was diſcovered, ſul- 
phur, rough glaſs, or ſealing-wax, was 
K 4 generally 
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A uſed for the pegative Electricii 
t preſent, ſmooth, glafs, only, is uſsd f 
whe n the machine. bag an. inſulated. rub- 

cr, the operator; may. . produce. poſitive q 


"negative Electricity at his pleaſure, With. 
out changing. the Electric. In regard 


eee 


uſed at preſent axe e and cylinders 


The moſt convenient ſize for. à globe, i 
from nine to twelve,inches diamęter: they 
are made with one neck, which is ce- 
mented * to a ſtrong braſs cap, in order to 
adapt them to a proper frame, The cy. 
linders are made with two necks ; they att 
uſed to the preateſt advantage without 
any axis, and theit common ſige is from 
four inches diameter and eight inches long, 
to twelve inches diameter and two. feet 


The beſt cement for electrical purpoſes is made 
with two parts of roſin, two of bees-wax, and one of 


the powder of red okre. Theſe ingredients are melted, 


and mixed together in any veſſel over the fire; and 


aſterwards kept for uſe.” This kind of cement ſticks 


very faſt, and. is much res e to roſin only, as it i 
not ſo brittle, and at the ſame time inſulates equaly 
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long; ſome have been made i n- Lendon 
even of twenty-one inches in e 
The glaſs generally uſed is the beſt flint, 
though it ĩs not yet abſolutely determined, 
which kind of metal is the beſt for eleQri- 
cal globes, or cylinders. The thickneſs of 
the glaſs ſeems immaterial, but perhaps 
the thinneſt is preferable. It has often 
happened, that glaſs globes, and cylinders, 
in the act of whirling, have burſt in innu- 
merable pieces, with great violence, and 
with ſome danger to the by-ſtanders. 
Thoſe accidents are ſuppoſed to happen 
when the globes, or cylinders, after being 
blown, are ſuddenly cooled. It will there» 
fore be neceſſary to enjoin the workman to 
let them-paſs gradually, from the heat of 


the glaſs-houſe, to the nn tem- 
perature. 


It has been long queſtioned whether a 
coating of ſome electric ſubſtance, as roſin, 1 
turpentine, &c. on the inſide ſurface of the 
glaſs, has any effect to increaſe its electrical 
power; but n6w it ſeems pretty well deter- 
mined, that if it does not increaſe ths 
8 of a good glaſs globe or cylinder, at 


leaſt 
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leaſt it does conſiderably improve a bad one. 
I have ſeveral times put a coating of roſin 
on the- inſide ſurface of phials and tubes, 


and have conſtantly-found, that the worſt of Ml 


them received ſome improvement by it. 


The moſt approved compoſition for lin- 
ing glaſs globes, or cylinders, is made with 


four parts of Venice turpentine, one part f 
roſin, and one part of bees-wax. Thi: Wl 
compoſition muſt be boiled for about two 
hours over a gentle fire, and muſt be kept 
Ricring very often: - afterwards it is left to 
cool, and reſerved for uſe. When a globe 


or cylinder is to be lined with this mix- 


ture, a ſufficient quantity of it is to be Wi 
broken into ſmall pieces, and introduced MW 

into the glaſs ; then, by holding the glaß Bi 
near the fire, the mixture is melted, and | 


equally ſpread over all its internal. ſurface, 


to about the thickneſs of a ſixpence. In | 
this operation care muſt be taken; that the 


glaſs. be made hot gradually, and be con- 


tinually turned, ſo as to be heated equal 
in all parts, otherwiſe, neee | 
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la reſpect to the Engine which is to 
give motion to the Electric, multiplying 
wheels have been generally uſed; which, 
properly adapted, might give the Electric a 


= quick motion, while they are conveniently 
turned by a winch. The uſual method is, 
co fix a wheel on one fide of the frame of 


the machine, which is turned by a winch, 


end has a groove round its circumference. 


= Upon the braſs cap of the neck of the glaſs 


f globe, or one of the necks of the cylinder, 


a pulley is fixed, whoſe diameter is about 


the third or fourth part of the diameter of 


the wheel; then a ſtring or ſtrap is put 
over the wheel and the pulley, and by theſe 
means, when the winch is turned, the 
globe or cylinder makes three or four 
revolutions, for one revolution of the 
wheel. There is an inconvenience gene- 
rally attending this conſtruction, which is, 
that the firing is ſometimes ſo very Mack, 


that the machine cannot work. To remes 


dy this inconvenience, the wheel ſhould be 
made moveable with reſpect to the Electric, 
ſo that by means of a ſſcrety it might be 
fixed at the proper diſtance; or elſe the 
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pulley ſhould have ſeveral grobves of differ. 
ent radiuſes'on its circumference, 
It has been cuſtomary with ſome, to 
turn the cylinder fimply with a winch, i 
without any accelerated motion; but that 
ſeems not ſufficient to produce the greateſ WW 
electric power, the glaſs is capable of .giv- 
ing; for the globe or cylinder ſhould pro- 
perly make about fix revolutions in a ſe- 
cond, which is more than can be conve- 
niently done with the winch only. This . 
method however, on account of its ſimpli- 
city, and eaſy conſtruction, ſhould not b 
diſregarded, and it may be conveniently 
uſed, when no very gen power is 1. 
3 | 


Inſtead of he ale and the une d | 
above deſcribed, a wheel and pinion, ot 
Wheel, and an endleſs ſkrew, has been alv Bl 
uſed. This conſcruction anſwers perhaps a 
wal as any other; but, it muſt be con- 
ſtruQted with great nicety, otherwiſe, it is af 
40 make a difagreeable rattling, and withou BY 
ſraquent oiling, ſoon ears away by iy 


ive 


ELIGT AIT. 141 


The next thing belonging to the Electri- 
al machine, neceſſary to be deſcribed, is the 
rubber, which i is to excite the Electric. The 
Wrubber, as it is now made, is nothing more 
chan a filk cuſhion ſtuffed with hair; and 
Wover this cuſhion i 18 put a piece of leather, 
on which ſome amalgam * has been rubbed, 
ſo as to ſtick as faſt as pofſtble to the leather. 
ome time ago-it was generally uſed, and it 
is now cuſtomary alſo, to make the rubber 
Pf red baſil ſkin ſtuffed with hair; but the 
lk one, as above deſcribed (which is an 
Wimprovement of Dr. Noor n) is much pre- 
ferable. If this filk cuſhion, on account of 
adapting it to the ſurface of the glaſs, is to 
be fixed upon a metal plate, then care 

{ould be taken to make the plate free from 

bharp points, edges, or corners, and it ſhoyld 
bc a5 much! as ae concealed, or covered 


cy * 8 Fei x 
PE ds 


—_ * The wala has been bound to excite ſmooth 
| HS 2lafs moſt powerfully. Any metal, diffolved in quick- 
| ilyer, will perhaps do equally well, but the amalgam 
bat has been generally; uſed, is made with two parts 
18 quick-ſilyer and; one. of tin-foil, with a ſmall quan- 
er of powdered chalk, mixed together until it becomes 

mat. Nike paſtes An amalgath made with one part of 
e, and four or Re parts bf mereuryy an ſwerg till 


better, as Nene by Dr. HINT NOSE 
| may _ be uſed, £ 


ars i #ith 
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with ſilk. In ſhort, to conſtruct the rubber 
properly, it muſt be made in ſuch a manner, 
that the ſide of it, which the ſurface of the AX 
glaſs enters in whirling, may be as perfect: ; 
Conductor, as it can be made, in order to ſup- 8 c 
ply Electrioity as quick as poſſible ; and the n 
oppoſite part ſhould be as much a Non-con- f 
ductor as poſſible, in order that none of thy i e 
fluid accumulated upon the glaſs, may return n 
back to the rubber, which has been found 
by experiment to be the cafe, when the tc 
rubber is not made in a proper manner. F 
which reaſon à piece of filk is alſo added tt 
to the extremity of the leather. E 
The rubber ſhould be ſupported by: b. 
ſpring, by which means it may eaſily ſuit A al 
any inequalities that may be found on the er 
fur face of the glaſs ; and by a ſkrew it mj in 
be made to preſs harder or ſofter, as occa- ¶ ve 
fion may require. It ſhould alſo be:inſulated BW m 
in whatever manner is moſt convenient; for ef 
gte 
be 
ext 
fro 


whenever inſulation is not required, a chain 
or wire, &c. may, be occaſionally hung upon 
it, and thus communicate with the earth, 0 
with any other body, at pleaſure; wheres 
when there is not a contrivance for inſula - 
ting the rubber, many of the moſt- curiou Wi 


193 experiments 


ET Z(CTRISI TY. 143 


experiments in Electricity will never be per- 
formed n _ 1 


Wie come now to e the prime Con- 

ductor, or firſt Conductor, which is nothing 
nore than an inſulated conducting ſubſtance 

forniſhed with one or more points at one 
end, in order to collect the Electricity im- 
mediately from the Electric. When the 
to make it of hollow braſs; = Sh it is 
very large, then, on account of the) price of 
5 the materials, it is made of paſte- board, co- 
vered with tin- foil, or gilt paper. The 
Conductor is generally made cylindrical; 


but let the form be what it will, it ſhould 


always be made perfectly free from points, 


or ſharp edges; and if holes are to be made 
in it, which on many accounts are very con- 


venient, they ſhould: be well rounded, and 


made perfectly ſmooth. Further, that end 
ef the prime Conductor, whieh is at the 
g reateſt diſtance from the Electric, ought to 
de made larger than tho reſt, as the ſtrongeſt 


cexertion of the electric fluid, in eſcaping 


from a nnn is. I at w_ end. 
0d 21TL 312 9A 
1 4 my dn rg abend 


larger 
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larger the prime Conductor is, the longer, 
and denſer ſpark can be drawn from it; and i 
the reaſon of this is, that the quantity of WM 
Electricity, diſcharged in a ſpark, is nearly 
proportional to the ſize of the Conductor; 
on this account the prime Conductor is now 
made much larger, than what was formerly | 
uſed: . Its fize, however, may be ſo large, 
that the diſſipation of the Electricity from 
its ſurface, may be greater than what the 
Electric can ſupply; in which caſe o 
large a Conductor would be nothing mor: i 
than an r — Wen incum- 4 
rel q 20 I 


Before 1 we quit the Elearical ends u 
ſhould! be obſerved, that, beſides the above - 
mentioned parts, it is neceſſary to have 1 
| ſtrong frame to ſupport the Electric, the i 
rubber, and the wheel. The prime Con- 
ductor ſhould be ſupported by ſtands wit Wl 
pillars of glaſs, or baked wood, and not by 
filk ſtrings, which admit of continual mo- 
tion. In ſhort, the machine, the prime 
Conductor, and any other apparatus actual Wn; 
uſed, ſhould be made to ſtand as ſteady 4 Wh 
poſſible, otherwiſe many inconveniences wil Wl 
rl Heſides 
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Beſides the Electrical machine, the Elee- 

W trician ſhould be provided with glaſs tubes 
of different ſizes, a pretty large. ſtick of ſeal- 
W ing-wax, or a glaſs tube covered with ſeal- 
Wing-wax, for the negative Electricity. He 
mould at leaſt not be without a glaſs tube 
about three feet long, and one inch and à 
half in diameter. This tube ſhould be cloſed 
at one end, and at the other end ſhould have 
Wfixed a braſs cap with a ſtop-cock, whick 
Wis uſcful in caſe it ſhould be required to con- 
denſe, or rarefy the air within — tube. | 


The beſt rubber for a tube of nocli 425 

Wis the rough fide of black oiled ſilk, eſpeci- 
= 11 when it has ſome amalgam rubbed upon 
i; but the beſt rubber for a rough glafs 
| lc. a ſtick of baked wood, ſealing-Wax, 
| r ſulphur, is ſoft new flannel, | a 


S077 P36 23% 


"The muskel neceflaty fot the ac accii- 
Imalation of Electricity, are coated Electrics, 
wong which, glaſs coated with Conduttors 
Wobtiins the principal place; off account "of 
us kength! it may be formed ito! any ſhape,” 
ad it will receiye à very =} charge. The 
| orm of the glaſs is immaterial with reſpect P 
L to 
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to the charge it will contain ; its thickneſs 
only is to be conſidered, for the thinner it is, 
the higher charge it is capable of receiving; 
but it is at the ſame time more ſubject to be 
broken by the force of electric attraction; 
for this reaſon, therefor , a thin coated jar, 
or plate may be uſed very well by itſelf, and 
it is very convenient for many experiments; 
but when large batteries are to be conſtrud- 
ed, then it is neceſſary to uſe glaſs a little 
thicker, and care ſhould be taken to have 
them perfectly well annealed, If a battery 
is required of no very great power, as con- 
taining about eight or nine ſquare feet of 
coated glaſs, I ſhould recommend to make 
uſe of common pint, or half-pint phials, 
ſuch ag apothecaries uſe, They may be ea 
fily coated with tin-foil, ſheet-lead, or gilt 
paper on the outſide, and. braſs-filings on 
the inſide; they occupy a ſmall ſpace, and, 
on account of their. thinneſs, hold a very 
good charge. But when, a large battery i 


required, then theſe phials cannot be uſed, 
for they break very eaſily; and for that puts 
poſe cylindrical glaſs jars, of about- fifteen 
inches high, and four or five inches in dis- 


Meter, are the moſt convenient. One large 
ju 
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jar anſwers better than ſeveral ſmall ones, 
becauſe the diſſipation of the electric fluid 
over the uncoated part is not ſo conſidera- 
ble in the former as in the latter caſe. 
But then, if a large jar breaks, the loſs is 
much more conſiderable, 


When glaſs plates or jars, having a ſuffici- 
ently large opening, are to be coated, the beſt 
method is to coat them with tin-foil on both 
fides, which may be fixed upon the glaſs 
with varniſh, gum- water, bees-wax, &c.; 
but in caſe the jars have not an aperture large 
enough to admit the tin- foil, and an inſtru- 
ment to adapt it to the ſurface of the glaſs, 
then, braſs filings; ſuch as are ſold by the 
pin-makers, may be advantageouſly uſed, 
and they may be ſtuck with gum-water, 
bees-wax, &c. but not with varniſh, for this 
is apt to be ſet on fire by the diſcharge, as 
will appear in the latter part of this work. 
Care muſt be taken that the coatings do not 
come very. near the mouth of tlie jar, for 
that will cauſe the jar to diſcharge itſelf; If 
the coating is about two inches below the 
top, it will in general do very well; but 
there are ſome kinds of glaſs, eſpecially 

"WY tinged 
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tinged glaſs, that, when coated and charged, 
have the property of diſcharging themſelves 
more eaſily than others, even when the coat- 
ing is five or fix inches below the edge“. 
There is another ſort of glaſs, like that of 
which Florence flaſks are made, which, on 
account of ſome unvitrified patticles in its 
ſubſtance, is not capable of holding the leaſt 
charge; on theſe accounts, therefore, when- 
ever a great number of jars are to be choſen 
for a large battery, it is adviſable to try ſome 
of them firſt, ſo that their quality, and pow- 
er may be aſcertained, 


- Electricians have often endeavoured to find 
ſome other Electric, which might anſwer 
better than glaſs for this purpoſe, at leaſt be 
cheaper; but, except Father Bzccara's 
method, which may be uſed very well, I do 
not find that any remarkable diſcovery has 
been made relating to this point, 


Father BxccARIA took equal quantities 
of very pure colophonium, and powder of 


When a jar diſcharges itſelf, the electric fluid runs 
from the inſide to the outſide coating over the ſurface 
of the glaſs, where it leaves an indelible mark all along 
its path, which is moſtly in a zzz-zag form. 
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marble ſifted exceedingly fine, and kept them 
in a hot place for a conſiderable time, where 
they became perfectly free from moiſture ; 
he then mixed them, and melted the com- 
polition in a proper veſſel over the fire, and 
when melted poured it upon a table, upon 
which he had previouſly ſtuck a piece of tin- 
foil, reaching within two or three inches of 
the edge of the table; this done, he endea- 

8 voured with a hot iron to ſpread the mix- 
ure all over the table as equally as poſſible, 
WT and to the thickneſs of one tenth of an 
inch; he afterwards coated it with another 
picce of tin-foil reaching within about two 
inches of the edge of the mixture; in 
ſchort, he coated a plate of this mixture like 
plate of glaſs. This coated plate, from 
what he ſays, ſeems to have had a greater 
We power than a glaſs plate of the ſame dimen» 
WT lions, even when the weather was not very 
W ry : and, if it is not ſubject to break very 
ealily by a ſpontaneous diſcharge, I think it 
may be very conveniently uſed ; for it doth 
not very readily attract moiſture, and con- 
lequently may hold a charge of Electricity 
better, and longer than glaſs: beſides, if 
broken, it may be repaired by a hot iron; 
L3 but 
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but glaſs, when broke, can never be re: 


paired. 


When a jar, a battery, or in general, 2 


coated Electric, is to be diſcharged, the 
operator ſhould be provided with an inſtru- 


ment called the diſcharging Rod, which | 


conſiſts of a metal rod ſometimes ſtraight, 


but more commonly bended in the form of | 


a C: they are made alſo of two joints, ſo 3 
to open like a kind of compaſſes. This rod 
1s furniſhed with metal knobs at its extre- 
mities, and has a non- conducting handle, 
generally of glaſs or baked wood, faſtened to 
its middle. When the operator is to uf: 
this inſtrument, he holds it by the handle, 
and, touching one of the coated ſides of th: 
charged Electric with one knob, and ap- 
proaching the other knob to the other coat. 
ed fide, or ſome conducting ſubſtance com- 
municating with it, he completes the com- 
munication between the two ſides, and dil 
charges the Electric, 


The inſtruments to meaſure the quantity, 
and aſcertain the quality of Electricity, a 
commonly called Ele&rometers; and they ate 
of four ſorts, 1ſt. the ſingle Thread, 2d. the 

9 Cork, 
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Cork, or Pith- balls, 3d. the Quadrant, and 
4th. the diſcharging Electrometer &. But a 
particular deſcription of the ſame will be 
found in the third chapter of this work. 


Beſides the apparatus above deſeribed, 
there are ſeveral other inſtruments uſeful for 
various experiments, but theſe will be de- 
ſcribed occaſionally. The Electrician, how- 
ever, ought to have by him not only a fingle 
coated jar, a ſingle diſcharging rod, or in 
ſhort, only what is neceſſary to perform the 
common experiments; but he ſhould pro- 
vide himſelf with ſeveral plates of glaſs, 
Vith jars of different ſizes, with a variety of 
different inſtruments of every kind, and 
even tools for conſtructing them; in order 
chat he may readily make ſuch new experi- 
ments, as his curiofity may induce him to 
try, or that may be publiſhed by other inge- 
nious perſons, who are purſuing their re- 
ſearches in this branch of philoſophy. 


= * The ſecond fort of Electrometer, i. e. the cork- 
f dalls Electrometer, was invented by Mr. Cax rox: the 
diſcharging Ele&rometer was invented by Mr. LAxx, 
and another, on a different principle, by Mr. Rixxgr- 
err: and the quadrant Ele&rometer, which is of 
hteſt invention, is a conttivance of Mr, HexLy. 
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The deſeription b particular electrical 
| Machines, 


N this chapter J ſhall preſent the reader 

with the particular deſcription of three 
electrical machines, which, I think, will be 
very acceptable after the general account of 
their conſtruction, which has already been 
given, The firſt of theſe is that deſcribed 
by, Dr. PRIiEsTLEY, in his Hiſtory of 
Electricity *; where a drawing of the ſame 
may be ſeen, and which, on account of its 
extenſive uſe, may be deſervedly called 
univerſal electrical Machine. 


The baſis of this machine conſiſts of two 
oblong. boards, which are kept in a ſitua- 
tion parallel to one another, about four 
inches aſunder, by two ſmall pieces of 
board properly adapted to that purpose. 
Theſe boards, when ſet horizontally upon 
a table, and there fixed by faſtening the 
lower of them with iron cranks, form the 
ſupport of two perpendicular pillars of 


Part V. ſec. II. 
baked 
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baked wood, and of the rubber of the ma- 
chine. One of the pillars, together with 
the ſpring ſupporting the rubber, ſlides in 


| a groove, which reaches almoſt the whole 


length of the upper board, and, by means 
of ſcrews, may be placed at any required 
diſtance from the other pillar, which is fix+ 
ed, being let through a mortice in the np- 
per board, and ſtrongly faſtened to the low - 
er. In theſe two pillars are ſeveral holes 
for the admittance of the ſpindles of dif- 
ferent globes, and, as they may be ſituated 
at any diſtance from one another, they may 
be adapted to receive not only globes, but 
alſo cylinders, or ſpheroids of different 
ſizes. In this machine, ſays Dr. PRIEST- 
LEY, more than one globe or cylinder may 
be uſed at once, by fixing them one above 
the other in the different holes of the pil- 
lars; and by adapting to each a proper pul- 
ley, they may be whirled all at once, and 


their power united, in order to increaſe the 


Electricity *; but in this conſtruction I do 
not 


* When ſeveral globes are uſed at once, and their 
power is united, it has been found by experiment, that 
the EleQricity does not increaſe in proportion to their 

| number, 
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not think that different rubbers can be con- 
veniently applied to them all; which is a 
capital imperfection, 


The rubber conſiſts of a hollow piece 
« of copper, filled with horfe-hair, and 
« covered with a baſil ſkin. It is ſup- 
« ported by a ſocket, which receives the 
, cylindrical axis of a round and flat piece 
% of baked wood, the oppoſite part of 
« which is inſerted into the ſocket of a 
«© bent ſteel ſpring. Theſe parts are eaſily 
<< ſeparated, ſo that the rubber, or the piece 
« of wood that ſerves to inſulate it, may 
* be changed at pleaſure. The ſpring 
* admits of a two-fold alteration of poſi- 
* tion. It may be either ſhipped along the 
«« groove, or moved in the contrary direc- 
* tion“ (the groove being wider than 
the ſcrew which faſtens the ſpring), “ fo 
** as to give it every deſirable poſition with 


number, although it is more, than what may be pro- 
duced by a fingle giobe. However, as the friction, 
and the difficulty of working the machine, increaſes in 
proportion to the number of globes or cylinders, ſo! 
think that one good large cylinder is preferable to 
many of them. 


«« reſpect 
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& reſpe& to the globe or cylinder; and it 
« js, beſides, furniſhed with a ſcrew, 
„ which makes it preſs harder or lighter, 
* as the operator chooſes.” 


The wheel of this machine is fixed to the 
table ; it has ſeveral grooves, for admitting 
more ſtrings than one, in caſe that two or 
three globes, or cylinders are uſed at a 
time; and as it is diſengaged from the 
frame of the machine, the latter may be 
{krewed at different diſtances from the for- 
mer, and thus ſuited to the variable length 
of the ſtring, 


The prime Conductor is of hollow cop- 
per, made in the ſhape of a pear, ſituated 
with its neck upwards, and with its bot- 
tom or rounder part upon a ſtand of baked 
wood; and an arched wire proceeds from 
its neck, having an open ring at its end, in 
which ſome ſmall pointed wires are hung, 


that by playing lightly upon the Electric 


collect the electric fluid from it. This 
form of prime conductor is, however, very 


improper. 


This 
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This machine, notwithſtanding that it has 
ſeveral imperfections, is yet a very good con- 
trivance; but, except different globes, or cy- 
linders, or ſeveral of thoſe at once, are re- 
quired to be uſed, I think a great deal of the 
work may be ſpared, and the machine 
might be made more ſimple, and conciſe, 


Next to Dr. PritsTLEY's machine, I 
ſhall deſcribe another, which, for its ſim- 
plicity, and conciſeneſs, makes a fine con- 
traſt with the former. 


This machine conſiſts of a circular glaſs 
plate, about one foot diameter, which is 
turned vertically by a winch fixed to the 
iron axis that paſſes through its middle; 
and it is rubbed by four cuſhions, each 
about two inches long, ſituated at the op- 
poſite ends of the vertical diameter. 


The frame confiſts of a bottom board, 
about a foot ſquare, or.a foot long and fix 
inches broad, which, when the machine 1s 
to be uſed, may be faſtened by an ron 
crank to the table. Upon this board twe 


other ſlender, and ſmaller ones are raiſed, 
| which 
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which lie parallel to one another, and are 
faſtened together at their top by a ſmall 
piece of wood. Theſe upright boards ſup- 
port in their middle the axis of the plate, 
and to them the rubbers are faſtened. 


The Conductor is of hollow braſs, and 
from its extremities branches are extended, 
which coming very near the extremity of 
the glaſs, collect the Electricity from it. 


The power of this machine is perhaps 
more than a perſon would judge by look- 
ing at it. It may be objected, that this 
conſtruction will not eaſily admit of the 
rubbers being infulated, nor conſequently 
be adapted to a great variety of experi- 
ments; but at the ſame time it muſt be 
allowed, that it is very portable, that it is 
not very liable to be out of order, and that 
it has a power ſufficiently ſtrong for ſeve- 
nl purpoſes ; on which account it may be 
F conveniently uſed, Theſe machines have 
often been made with two parallel glaſs 
plates, and thoſe of a confiderable diame- 
ter ; which plates, turning upon the ſame 

axis, 
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axis, are rubbed by eight rubbers.— The 


ſparks obtained from the conductors f 


thoſe machines are ſtrong, though not very 
long; yet an electrical battery may be 


charged by one of thoſe machines very | 


quick, ſince they accumulate an aſtoniſhing 
quantity of electric fluid. Their principal 
imperfections are - the great numbe ro frub- 
bers that the operator muſt keep in proper 
order—the friction ariſing from them, which 
renders the turning of the machine rather 
hard and laſtly, the plates being fubje to 
crack very cally. 


The laſt. machine, that I am to deſcribe, 
is that repreſented in fig. 1 of plate I, which 
has all the improvements hitherto made, 
except that it is not capable of admitting 
different kinds, or more than one Electric, 
but whieh, indeed, it ſeems not to ſtand in 
need of. The electric power of ſuch 1 
machine, I think, is equal to what may be 
obtained by any other conſtruction ; and at 
the ſame time its ſize, being neither re- 
markably large, nor at all inconvenient, 

| renders 
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renders it, I think, the campleteſt machine 
hitherto contrived “*. 


The frame of this machine conſiſts of 
the bottom board A BC, which, when the 
machine is to be uſed, is faſtened to the 
table by two iron cranks, one of which 
appears in the figure near C. Upon the 
bottom board are perpendicularly raiſed 
two ſtrong wooden pillars K L, and A H, 
which ſupport the cylinder, and the wheel. 
From one of the braſs caps of the cylinder 
FF, an axle of ſteel proceeds, which paſ- 
ſes quite through a hole in the pillar K L, 
and has on this fide of the pillar a pulley I, 
fed upon its ſquare extremity, Upon 
the circumference of this pulley there are 
three or four grooves, in order to ſuit the 
variable length of the ſtring @ &, which 
goes round one of them, and round the 
groove of the wheel D. The other cap of 
the cylinder has a ſmall cavity, which fits 
the conical extremity of a ſtrong ſkrew, 


that proceeds from the pillar H. The 


= - * Theſe machines are made, and ſold, by Mr. 
3 Georg Apans, in F leet-ſtreet, London, phono: 
We Phical inftrument-maker to his Majeſty. 
J wheel 


] 
| 
1] 
j 
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wheel D., which is moved by the handle 
E, turns round a ſtrong axle, proceeding 
from almoſt the middle of the man K an 


-The hdr 0 of this: nb is on fench 
end three or four inches ſhorter than the 
cylinder (ii e. the cylinder excluſive of the 
necks}, and it is made to rub: about one 
fifth part of the cylinder's circumference, 
or rather leſs ;-it conſiſts of a thin quilted 
cuſhion of ſilk, ſtuffed with hair, and 
faſtened by filk ſtrings upon a piece of wood, 
vrhich is properly adapted to the ſurface of 
the cylinder. And to the lower extremity 
of the cuſhion, or rather of the piece of 
wood to which the cuſhion is tied, a piece 
of leather is faſtened, which is turned ovet 
the cuſhion, i. e. ſtands between it and 
the ſurface of the cylinder, and to the 
extremity of which a piece of ſilk or oiled 
ſilk is faſtened, which covers almoſt all tbe 
upper part of the cylinder. Upon thus 
leather, which reaches from the lower. 0 
almoſt the upper extremity of the cuſhion 
ſome of the above-deſcribed amalgam 1 is to 
be worked, o as to be forced as much. # 


pollible into its ſubſtance : if. moſaic.gol 
5 js 


| 
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is to be tried; then the leather ſhould be 
new, and whereon no other amalgam has 
been put. This rubber is ſupported by | 
two ſprings; ſcrewed to its back, and from 
which it may be eafily unſcrewed, when 
occafion requires it. The two ſprings pro- 
ceed from the wooden cap of a ſtrong glaſs 
pillar a, perpendicular to the bottom board 
of the machine. This pillar has a ſquare 
wooden baſis, that ſlides in two grooves in 
the bottom board A BC; upon which it is 
faſtened by a ſcrew, In this manner the 
glaſs pillar may be faſtened at any required 
diſtance, and in confequence the rubber 


may be made to preſs harder or lighter upon 


the cylinder. The rubber in this manner is 
berfectly inſulated; and, when inſulation 
is not required, a chain with a ſmall hock 


This glaſs pillar, as well as the glaſs feet of infu- 


_ ting fools in general, ſhould be coveted with var- 


nich, or rather with fealing- wax, otherwiſe they in · 


8 ſulate very imperfectly, on account of the moiſture that 


ey attract from the air, eſpecially in damp weather. It 
nuſt de obſerved, that ſealing- wax diſſolved in ſpirits 
of wine, may be uſed very well for this pirpoſe ; but 


. to cover a piece of glaſs with ſealing- wax, by rubding 
BY + flick of ie apon the furface of the POR when hots 


Wn ivers far the better. ry 
M wey 
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may be hanged to it, ſo as'to have'a regular 
communication with the piece” of leather, 
the chain then falling upon the table, 
cond the rubber uninſulated. 


Fig. 2 repreſents the prime Conduct 
AB belonging to this machine. This is 
of hollow brafs, and is ſupported by two 
'glaſs pillars varniſhed, that by two brass 
"Tockets are fixed in the board CC. This 
Conductor receives the electrio fluid 
through the points of the collector I. 
el are ſet at about half an inch di- 
tance from the ſurface of the cylinder of 
the machine. 


If the handle E, fig. 1, of the wheel, be 
turned (and on account of the rubber i! 
ſhould be turned always in the direction 0! 
the letters 2 6 c) this machine, ſtanding i 
. fituation that is repreſented in th 
figure, will give poſitive Electricity, 1. 
* the prime Conductor will be electrified po- 
ſitively, or overcharged with electric fluid; t 
for by the action of rubbing, the cylinder - 
pumps, as it were, the fluid from the rub- 


— and ä body properly con- gl: 
| nected 
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nacted with it, and gives it to the prime 
Conductor. But if a negative Electricity 
i fequired; then the chain muſt be re- 
moved from the rubber and hung to the 
prime Conductor; for in this caſe” the 
Electrieity of the prime Conductor will be 
communicated to the ground, and the rub- 
ber remaining inſulated, will appear ſtrong- 
y negative. Another Conductor, equal to 
the Conductor A B, fig. 2, may be con- 
nected with the inſulated rubber, and then 
the operator may obtain as ſtrong negative 
Electricity from this, as he can ' poſitive 
from the Conductor A B, fig. 2. | 


8 2 


CH AP. III. 


The particular Deſcription of "Fame edge ne- 
e Parts of the eleFrical Apparatus. 


16. 4 ebenem a ſtand ſupporting 

the electrometers DD COC. B is 
Mt baſis of it, made of common'wood: * A 
1s a pillar of wax, glaſs, or baked wood. 
Ts che top of the pillar,” if it be of wax or 
glaſs, a Circular piece of wood is fixed; but 
noggut M 2 it 


a 4 
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if the pillar be of baked wood, that may 
conſtitute the whole. From this circular 
piece of wood proceed four arms of glaſs, 
or baked wood, ſuſpending at their ends 
four electrometers, two of which, D D, are 
filk threads about eight inches long, ſuſ- 
pending each a ſmall downy feather at its 
end. The other two electrometers, CC, 
are thoſe with very ſmall balls of cork, or 
of the pith of elder ; and they are con- 
ſtructed in the following manner :—a 6 is a 
| ſtick of glaſs about fix inches long, cover- 
ed with ſealing-wax, and ſhaped at top in 
a ring: from the lower extremity of this 
ſtick of glaſs proceed two fine linen threads* 
© c, about five inches long, each ſuſpending: 
cork, or pith-ball d, about one-eighth of an 
inch in diameter. When this electrometer 
is not electrified, the threads c c hang pa- 
rallel to each other, and the cork-balls are 
in contact; but when electrified, they repel 
one another, as repreſented in the figure. 
The glaſs ſtick @ & ſerves for an inſulating 
handle, by which the electrometer may be 


* Theſe threads ſhould be wetted in a weak fol# 
tion of ſalt; | 


ſupported, 
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ſupported, when it is uſed without the 
ſtand A B. 


Another ſpecies of the above electrome- 
ter is repreſented in fig. 3; which conſiſts of 
a linen thread, having at each end a ſmall 
cork-ball. This electrometer is ſuſpended 
by the middle of the thread on any Con- 
ductor proper for the purpoſe, and ſerves 
to ſhew the kind, and quantity of its Elec- 
tricity. | 


Fig. 7 repreſents Mr. HEenLy's qua- 
drant electrometer, fixed upon a ſmall ſtand, 
from which it may be occaſionally ſeparated, 
and fixed upon the prime Conductor, or in 
any other place at pleaſure, This electro- 
meter conſiſts of a perpendicularſtem, form- 
& at the top like a ball, and furniſhed at 
its lower end with a braſs ferrule, by which 
it may be fixed in one of the holes of the 
prime Conductor, or in its proper ſtand, 
as occaſion requires. To the upper part 
of the ſtem, or pillar, a graduated ivory 
ſemicircle is fixed, about the middle of 
which is a braſs arm, which contains a pin, 
or the ſmall axis of the index. The index 


M 3 conſiſts 
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eonſiſts Of a very ſlender ſtick, Which 
reaches from the center of the graduated 
ſemicircle to the braſs ferrule, and at its 
lower extremity is faſtened a ſmall cork- 
ball, nicely turned in a lathe. 


The propereſt wood, for the purpoſe of 
making the pillar and index of this electro- 
meter, is box, and this pillar and index 
ſhould be well rounded, and made 28 
ſmooth as poſlible. When this elec- 
trometer is not electrified, the index 
hangs parallel to the pillar, as in fig. 7; 
but when it is electrified, the index recedes 
more or leſs, according to the quantity of 
Electricity, from the ſtem; as repreſented 
on the prime Conductor E, fig. 2. 


; The main of Mr. Cas 8 diſcharging 
Electrometer, conſiſts in a braſs ball about 


one inch and a half in diameter, ſcrewed to 


a braſs graduated rod, and adapted to a pro- 


per frame, ſo that it may be ſet at any re- 
: quired, diſtance from the prime Conductor, 
or the knob of an electric j jar. The prin- 
Cipal uſe of this electrometer i is to let a jar 
a diſcharge 


Lee) q5 — — — 25 © —_ — e *S 88 F 2 "TO "WY 
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diſcharge by itſelf through any proper cirr 
cuit, without uſing any diſcharging. rod, 
or removing any part of the apparatus; 
and to give ſhocks, nearly of the ſame 
ſtrength. Suppoſe, for inſtance, that the 
above-mentioned braſs ball be ſet at half 
an inch diſtance from the prime Con- 
ductor, and that a coated jar be ſituated ſo 


as to touch the prime Conductor with its i 


knob, and to have its. outſide coating com- 
municating with the above- mentioned braſs 
ball. Now it is evident that the circuit, 

from the outſide to the inſide of the jar, is 

interrupted only between the prime Con- 
ductor and the braſs ball, which lie half an 
inch aſunder; therefore, when the jar is 
charging, and the charge is become ſo high 
as to ſtrike through half an inch of air, the 
Jar will diſcharge itſelf, and, by keeping the 
braſs ball at the ſame diſtance from the 
prime Conductor, and charging the jar ſuc- 
ceſſively, the ſhocks will be of the ſame 
ſtrength. * | 


This electrometer is ſubject, to. an in- 
convenience; which is, that the ſurface of 
the braſs ball is ſometimes deprived. of its 

Fx _ ſmooth- 


| 
f 
; 
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ſmoothneſs by the force of the exploſion 
in which caſe it is neceſſary to poliſſi it 
again, otherwiſe the inſtrument is uſeleſt. 
An electrometer of this kind, though not 
exactly like the original one, is now com- 
monly uſed by the practitioners of medical 
electricity, and is delineated in fig: 6. of 
Plate II. It conſiſts of a glaſs arm D, 
which proceeds from the wire of the jar 
F, and to the extremity E of which 2 
ſpring ſocket is cemented, through which 
a wire paſſes, which is furniſhed with: 
knob B, towards the knob A of the jar, 
and of an open ring C at its other extre- 
mity. Now, as this wire may be flided 
backwards and forwards, the knob B may 
be put at any required diſtance from the 
knob A, as far as the conſtruction of the 
inſtroment will allow. The wire BC is ge- 
nerally marked with diviſions, which ſhew 
the diſtance: of the two knobs, when the 
wire is ſo ſituated, as that the required divi- 
ſion \coincides with the edge of the ſpring 
ſocket, as for inſtance, one tenth, or one 
quarter of an inch, c. When the jar Fi: 
ſet againſt the prime conductor G, as repre- 
ſented i in the "figure, Wppalet that the ball b 


* G nnn . 
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is ſet at the diſtance-of-;4; of an inch rem 
the ball A; and that a wire be fixed from 
the electrometer's ring to the outſide cot- 
ing of the jar, as ſhewn by the dotted line 
CK; then, when the machine is put in 
motion, the diſcharge of the jar, as ſoon as 
this becomes ſufficiently charged, will be 
made between the knobs AB, and through 
the wire CK; and it is evident that theſe 
diſcharges will be of the ſame ſtrength, as 
long as the diſtance between AB remains 
the n * 


Fig. 5 of Plate I. Hb Mr. Hnzvs 
univerſal diſcharger, which is of a very ex- 
tenſive uſe, and is compoſed of the following 
parts: A is a flat board fifteen inches long, 
four inches broad, and one thick, or there- 
abouts; which forms the bafis of the in- 
ſtrument. BB are two glaſs pillars, 'ce- 
mented in two holes upon the board A, 
and furniſhed at their top with braſs caps, 
each of which has a'turning joint, and ſup- 
ports a ſpring tube, through which the 
wire D C llides : each of theſe caps is dom - 
poſed of three pieces of braſs, connected 
ſo, that the wire DC, beſides its fliding 
through the locket, has two other motions, 

vix, 
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Gr. an horizontal and a vertical one. 
Each of the wires D C, D C is furniſhed 
with an open ring at one end, and at the 
other end has a braſs ball D, Which, by a 
Hort ſpring ſocket, is flipt upon its pointed 
extremity, and may be removed from it 
at pleaſure. E is aiftrong circular piece of 
wood, five inches in diameter, having, on 
its ſurface, a ſlip of ivory inlaid, and fur- 
niſhed with a ſtrong cylindrical foot, which 
fits the cavity of the ſocket F, which is 
faſtened in the middle of the bottom board, 
and has a ſcrew G, which ſerves to faſten 
the foot of the circular board E at any re- 
quired height. H is a ſmall preſs belong- 
ing to this inſtrument; it conſiſts of two 
oblong pieces of board, which may be 
preſſed againſt each other by means of two 
ſcrews a8 the lower of theſe boards has a 
-cylindrical foot equal to the foot of the cir- 
cular board E. When this preſs is to be 
a uſed, it is fixed into the ſocket F, in the 
place of the circular board E, which mull, 
in that — n rt” s 1 


| Vig: 11 is an elefteic jar coded _— 
tin-foil on the inſide and outſide, within 
been 2202s 0772 d $51 dt dg. three 
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three inches of the top of the cylindrical 
part of the glaſs, having a wire with a 
round brafs knob A at its extremity: This 
wire paſſes through the cork * D, that 
ſtops the mouth of the jar, and at its lower 
end, is bended fo as to touch the inſide 
coating in ſeveral places, 


Fig. 10 repreſents a battery compoſed 
of ſixteen jars, coated in the infide and out- 
fide with tin-foil, which all together con- 
tain about twelve feet of coated glaſs. 
About the middle of each of theſe jars is a 
cork that ſuſtains a wire, which at the top 
is faſtened round, or ſoldered to the wire E, 
knobbed at each end, which connects the 
inſide coatings of four (jars ; and by the 
wires FF F the inſide coatings of alt the 
ſixteen jars are connected together. Each 
of the wires F has a ring at one end, 
through which one of the wires E paſſes, 
and at the other end has a braſs knob. If the 
whole force of the battery is not required, 
one, * or three rows of jars ny Wu uſed 


. Wien 'corks are uſed to Kley electric jars, they 


ſhould be made very dry, aud dipped in melted bees- 
War, or varniſhed. 


n 
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at pleaſure; for as each of the wires F F F 
is moveable round the wire E, which paſ- 
ſes through its ring, and reſts upon the next 
wire E, it may be eaſily removed from that, 
and turned upon the contrary wire E; and 
thus the communication between one row 
of jars and another may be diſcontinued at 


pleaſure, See the figure, 


The ſquare box that contains theſe jars 
is of wood lined at the bottom with ſheet- 
lead or tin, and has two handles on two 
oppoſite fides, by which it may be ealfily 
removed. In one fide of the box is a hole, 
through which an iron hook B pales, 
which communicates with the metallic 
lining of the box, and conſequently with 
the outſide coating of all the jars. To this 
hook is faſtened- a wire, the other-end of 
which is connected with the diſcharging: 
rod, 2 


The diſcharging- rod conſiſts of a glaſs 
handle A, and two curved wires BB, which 
move by a joint C, fixed to the braſs cap of 
the glaſs handle A. The wires BB are 
h We bow 4 endec "he hor 
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D D, to which they are ſcrewed, and may 
be unſcrewed from them at pleaſure. . By 
this conſtruction we have the opportunity 
of uſing the balls or the points, as occaſion 
requires ; and as the wires are moveable by 
the joint C, they may be adapted to ſmaller 
or larger jars at pleaſure, 


The battery, repreſented in the plate, is 
a ſmall one in compariſon to thoſe now fre- 
quently uſed, and much too weak for the 
purpoſe of ſome experiments, hereafter to 
be deſcribed. But I thought it ſufficient 
to give an idea of its conſtruction; and, 
when a large battery is to be conſtructed, 
I would recommend rather to make two, 
three, or more ſmall ones, as repreſented in 
the plate, than a fingle large battery, which 
is heavy, and, on ſeveral accounts, incon- 
venient. The force of ſeveral ſmall bat- 
teries may be eaſily united by a wire or 2 
chain, and thus they may be made to a& 
like a large one. 


F in fig. 2. is a circular braſs plate hung 
on the prime Conductor by a chain, and 
reſting in an horizontal poſition. Under- 

neath 
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neath this, there is another plate P parallel, 
and equal to the former (but it would be 
better if it was a little larger), which is ſup- 
ported by a ſtand, H of braſs, having alſo : 
ſocket to receive the foot of the plate, and 
a ſcrew G to fix it at different diſtances. 


D in fig. 2. is a fly made of ſmall braſ 
wires, fixed in a cap of braſs alſo; which 1s to 
be put upon the pointed wire K, that is 
ſcrewed to the prime conductor, upon 
which it muſt ſtand in equilibrio, like the 
needle of a compaſs. The other ends a, 0, 
c, d of the wires are pointed, and bent all 
one way. 


N. B. Whenever hereafter I mention the 
prime Conductor, I mean the prime Con- 
ductor naked, that is, without the paralle 
braſs plates F P, without the fly D and its 
ſupporting pin K, without the electrome- 
ters E, and even without the knobbed rod 
I B, which is ſcrewed to it, occaſionally; 
except the contrary is expreſſed, 


It is highly. requiſite for an Electrician 


to have by him ſeveral inſulating ſtools, cl 
ſtands, 


„ Aa So 
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ſtands, they being very neceſſary for ſeveral 
experiments. The beſt materials to conſtruct 
theſe are glaſs covered with ſealing-wax, and 
baked wood“. A large ſtool, proper to in- 
ſulate a chair upon, or two or three perſons 
ſtanding, may be made with a ſtrong board, 
about two feet and a half ſquare, and 
may be ſupported by four feet of glaſs, 
about eight inches long. But ſmall ſtands 
are better made with one foot or pillar, 
and all of baked wood or glaſs, without 
any conducting ſubſtance in their conſtrue- 
tion. Drinking- glaſſes, either varniſhed, or 
in part covered with ſealing-wax, [anſwer 
this purpoſe very well. | 


* The wood ſhould be baked very well, even till 
it becomes quite brown, it then being in the beſt ſtate 
for inſulation; and to make it Rill better, i. e. to de- 
fend it from moiſture, it may be ſlightly varniſhed 25 
ſoon as it comes out of the oven, or elſe boiled in lin- 
ſeed- oil; but in this caſey after boiling; it * be 
made hot again, and then it is fit for uſe, 
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Practical Rules concerning the Uſe of the elec- 
trical Apparatus, and the performing of Ex- 
periments. 


T often happens that young Electrician 
are at a loſs to aſſign the reaſon, hy 
ſome experiments do not ſucceed with them 
as deſcribed in the Treatiſes on Electricity. 
Sometimes they are in poſſeſſion of very 
good inſtruments, but, by reaſon of ſome 
circumſtance or other unattended to, they 
are quite uſeleſs in their hands. This in- 
_ deed can be remedied by nothing but prac- 
tice, and it is by long uſe, that the Elec- 
trician, as well as the Practitioner in any 
art or ſcience, becomes ſo good an Opera- 
tor, as to uſe his inſtruments to the beſt 
advantage. A few rules are however ver) 
neceſſary, to guide him in his operations; 
and although theſe alone are inſufficient to 
make a perſon a complete practical Electri- 
cian, yet, when accompanied with the ac- 


tual management of the apparatus, they fa- 
cilitats 
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tilitate the uſe of it, and render the per- 


formance of the experiments more accurate 
and expeditious, 


The firſt thing that the young Electri- 
cian ſhould obſerve, is, the preſervation, 
| and care, of his inſtruments. The electri- 
cal machine, the coated jars, and in ſhort 
every part of the electrical apparatus, ſhould 
be kept clean, and as free as poſſible from 
duſt, and moiſture. 


When the weather is clear, and the air 
dry, eſpecially in clear and froſty weather, 
the electrical machine will always work 
well. But when the weather is, very hot, 


the electrical machine is not o power 


ful: nor in damp weather, except it be 


| brought into a warm room; and the cylin- 


der, the ſtands, the j Jars, ps be made tho- 
roughly dry. 


| Before the machine be uſed, the cylinder 


ſhould be firſt wiped very clean with a foft 


linen cloth, that is dry, clean, and warm; 


und afterwards with a clean hot Hannel, cf 


a old filk handkerchief ; this done, if the 
2 SS N [7 Yu . . inen 
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winch be türned, when the prime Con- 
ductor, and other inſtruments, are removed 
from the electrical machine, and the knuc- 
kle be held at a little diſtance from the ſut- 
face of the cylinder, it will be ſoon per- 
ceived that the electric fluid comes like: 
wind from the cylinder to the knuckle, and, 
if the motion be a little continued, ſparks, 
and crackling will ſoon follow. This in- 
dicates that the machine is in good order, 
and the Electrician may proceed to perform 
his experiments, But if, when the winch 
is turned for ſome time, no wind is felt 
upon the knuckle, then the rk is, ven 
likely, in the rubber; and to remedy that 
uſe the following directions By unſcrey- 
ing the ſcrews on the back of the rubbe; 
remove it from its glaſs pillar, and keep i 
a little near the fire, ſo that its ſilk part 
may be dried ; take now a dry piece of mut- 
ton-ſuet, or a little tallow from a candle, 
and juſt paſs it over the leather of the rub- 
ber, then ſpread a ſmall quantity of tie 
above-deſcribed amalgam: over it, and force 
it as much as poſſible into the leathe! 
This done, replace the rubber upon tir 


glaſs ci let the glaſs cylinder be wipe 
| 5 once 


OO” A mm. Fr,  POAOHT. 


ef EL»cTRICITY., 179 


once. more, and then the machine is fat for 
ule. 


Sometimes the machine will not work 
well, becauſe the rubber is not ſufficiently 
ſupplied with electric fluid; which happens 
when the table upon which the machine 
ſtands, and to which the chain of the rubber 
is connected, is very dry, and conſequently 
in a bad conducting ſtate, Even the floor 
and the walls of the room are, in very dry 
weather, bad ConduRors, and they cannot 
ſupply the rubber ſufficiently. In this caſe, 
the beſt expedient is, to connect the chain of 
the rubber, by means of a long wire, with 
ſome moiſt ground, a piece of water, or with 
the iron · work of the water pump; by which 
means the rubber will be ſupplied with as 


much electric fluid as is required. 


It muſt be alſo remarked, that when the 


cylinder is very hot, as above 110", it will 
not act well. 


When a ſufficient quantity of amalgam 
has been accumulated upon the leather of 
the rubber, and the machine does not work 


very well, then, inſtead of putting more 
+ N 2 amalgam, 
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amalgam, it will be ſufficient to take the 


rubber off, and to ſcrape a little, that which 


is already upon the leather. 


It will be often obſerved, that the cylin- 
der, after being uſed ſome time, contract 
ſome black ſpots, occaſioned by the amal. 
gam, or ſome foulneſs of the rubber, which 
grow continually larger, and greatly obſtruc 
its electric power. Theſe ſpots muſt be care- 
fully taken off, and the cylinder muſt be 
frequently wiped, in order to prevent its 
contracting them. 


In charging electric jars in general, i 
muſt be obſerved, that not every machine 
will charge them equally high. That ma. 
chine, whoſe electric power is the ſtrongel}, 
will always charge the jars higheſt. |! 
the coated jars, before they are uſed, be 
made a little warm, they will receive, and 
hold the charge the better. ach 


If ſeveral” jars are eonneCted togethe!, 
among which there is one, that is apt u 
diſcharge itſelf very ſoon, then the othe 


Jars will alſo. ſoon be diſcharged with that 
cui a | | although 


- 
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although they may be capable of holding 
a very great charge by themſelves. When 
electric jars are to be diſcharged, the Elec- 
trician muſt be cautious leſt, by ſome cir- 
cumſtance not adverted to, the ſhock ſhould 
paſs through any part of his body; for an 
unexpected ſhock, though not very ſtrong, 
may. occaſion ſeveral diſagree able accidents. 
In making the d iſcharge, care mult be taken 
that the diſcharging- rod be not placed on the 
thinneſt part of ic g, for that may cauſe 
the burſting of the jar, 


When large batteries are diſcharged, jars 
will be often found broken in it, which 
burſt at the time of the diſcharge. To re- 
medy this inconvenience, Mr. NAIRNE ſays 
he has found a very effectual method; which 
is, never to diſcharge the battery through a 
good Conductor, except the circuit be at 
leaſt five feet long. Mr. NAR xx ſays, that 
ever fince he made uſe bf this precaution, he 
has diſcharged a very large battery near a 
hundred times, without ever breaking a ſin- 
gle; Jar, whereas, before he Was continually 
Yraking them. But here it muſt be con- 
wh thi i 1 bc RO 
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ſidered, that the length of the circuit weak. 
ens the force of the ſhock proportionably; 
the higheſt degree of which is in many ex. 
periments required, 


When a coated phial is cracked, either 
by a ſpontaneous diſcharge, or by ary 
other accident, I remove the outſide cost. 
ing from the fractured part, and then make 
it moderately hot by holding it to the flame 
of a candle, and whilſt it remains hot I ap- 
ply burning ſealing-wax to the part, ſo a 
to cover the fracture entirely; taking can 
that the thickneſs of the wax is rather more 
than the thickneſs of the glaſs. Laſtly, | 
cover all the ſealing-wax, and alſo part of 
the ſurface of the glaſs beyond it, with: 
compoſition made with four parts of bees 
wax, one of reſin, one of turpentine, and: 
very little dil of olives ; which compoſi 
tion I ſpread upon a piece of oiled fil, 
"and apply it in the manner of a plaiſter 
With chis method T have repaired feveril 
broken phials ſo effectually, that, after being 
Frequently charged, they were at laſt broken 
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by a ſpontancous diſcharge, but in a dif- 
ferent part of the glaſs *. 


It ĩs adviſeable, when a jar, and eſpecially 
a battery, has been diſcharged, not to tqueh 
its wires with the Hand, before the diſ- 
charging-rod be applied to its ſides a ſecond, 
and even a third time; as there generally 
remains a reſiduum of the charge +, which 
is ſometimes very dg ble. a 

When a any experiment is to be performed; 
which requires but a ſmall part of the, ap- 
paratus, the remaining part of it ſhould be 
placed at a diſtance from the machine, the 


on 


, Here it is, proper to remark, that when jars, or 
glaſs in general, that is coated for the purpoſe” of 
charging and diſcharging, is in any manner covered 
with cement or ſealing+wax, it breaks mare eaſily by 
a ſpontanequs. diſeharge g and it is very remarkable, 
that the fracture n lies on the limits of the 


ce ment. 


+ This reſiduum is in great meaſure occaſioned by 
the EleQricity, that, when the jar is charging, ſpreads 
itſelf over the uncoated;part of the glaſs near the coat- 
ing, which will not be diſcharged at firſt, but gradu- 
Wy — to the coating after the firſt diſcharge. 
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prime Conductor, and even from the table, 
if that is not very large. Candles, par- 
ticularly, ſhould be placed at a conſiderable 
_ diſtance from the prime Conductor, for the 
eMuvia of their flames carry off much of the 
arri fluid. 


Laſtly, the young Electrician ſhould be 
cautioned not to depend on firſt appearance: 
in Electricity. A new phenomenon may 
juſtly excite his curioſity: it is laudable to 
remark. it, and to purſue the hint; but at 
the ſame time even the doubtful aſſertion of 
a ne fact ſhould never be made, till after 
a number of fimilar and concurring experi: 
ments. Electricity is a ſcience that often 
deceives the ſenſes, and the moſt experienced 
Electrician frequently finds himſelf miſtaken 
in things, which perhaps he may have be- 
fore conhidered a as the moſt certain, 
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_ ExPERIMENT I. 


The electriſed Cork=ball Eleftrometer ;' 80 
HEN the electrical machine is put 


W. in order, and tlie prime Conductor 
it ſet ſo, that the points of the colleQor are 
about half an inch from the ſurface of "the 
cylinder, fix at the end of the prime Cons 
ductor the knabbed rod T B fig. 2. and hang 
on it the electrometer with the cork- ball 
fig. 3. The balls will now touch one ano- 
ther, the threads hanging perpendicularly, 
and parallel to each other. But if the y- 
linder of the machine be whirled by turning 
the winch E, then the cork-balls will repel 
one another, and more, or leſs, according 
as the Electricity is more or leſs power- 
ful. 


— 


In 
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In this experiment, the glaſs cylinder ex- 
tracting the electric fluid from the rubber, 
throws it upon the pointed wires of the col- 
lector, and in conſequence upon the prime 
Conductor, and the electrometer; which are 
all connected together: and as bodies over- 
charged with electric fluid will always re- 


pel each — ſo the cork- balls muſt repel 
cach other. 


If the electrometer be hung to a prime 
Conductor negatively electrified, 7. e. con- 
nected-with the inſulated rubber of the ma- 
chine, the cork-balls will alfo repel each 
other for bodies, undercharged, will repel 
eagh- other, as well as bodics overcharge? 


With electric fluid. 

WY in 9 ſtate of repulſion, the prime 
Conductor is touched with ſome conducting 
ſubſtance not inſulated, the cork- balls will 
immediately come together; for the electiic 
fluid ſuperinduced upon the prime Conduc- 
tor, and the electrometer communicating 
with it, will be carried away to the ground 
by that conducting body; ſo that in this 


aſc the prime Conductor can never be over- 
charged: 


r © - 
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charged: nor can it be undercharged, if con- 
nected with the rubber; for its deficiency 


of fluid is ſupplied through that conducting 
body, with which it has been touched. But 


if, inſtead of the conducting ſubſtance, the 
prime Conductor is touched with an electric, 
as for inſtance a ſtick of ſealing-wax, a 
piece of glaſs, &c. then the cork- balls will 
continue to repel each other; becauſe the 
electric fluid cannot be conducted through 
that electric: hence we have an eaſy me- 
thod of determining what bodies are Con- 
ductors, and what electrices *. 


This electrical repulſion is alſo ſhewn 
by the quadrant electrometer, with a large 
downy feather, or the like; for if theſe be 
connected with the prime Conductor, and 
the winch be turned, the electrometer will 
raiſe its index, and the feather, by the diver- 
gency of its down, will . . in a 
beautiful manner. b 

This method in groſs will do en det 
the conducting power of fluids or ſome other bodies, 
and the degree of that power, is to be aſcertained, then 


recourſe muſt be had to other means more nice, and 
accurate, | 


1 
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| 


rind Repulſn of light Bodies. 


Connect with the prime Conductor the 
two parallel braſs plates F, P, as repreſented 
in fig. 2. at about three inches diſtance from 
one another, and upon the lower plate put 
any kind of light bodies, as bran, bits of 
paper, bits of leaf - gold, &c. then work the 
machine, and the light bodies will ſoon move 
between the two plates, leaping alternately 
from one to the other with great velocity. 

If, inſtead of bran, or irregular pieces of 
other matter, ſmall figures of men or other 
things cut in paper, and painted, be put 
upon the plate, they will generally move in 
an erect poſition, but will ſometimes leap 
one upon another, or exhibit different pol- 
tures, ſo as to afford a pleaſing ſpectacle to 


ee, 


9 87 
In this experiment, both the attration, 


bd repulfon of Electricity are obſerved at 


OS. Tims ; ; for when the upper plate 
F, which 


ns: 1 
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dies upon a clean, "and ry pane el glaſs; ; 
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F, which communicates with the prime 
Conductor, is electrified, the ſmall bodies 
placed upon the lower plate, together with 
that plate, by being within the ſphere of 
action of the electrified upper plate, become 
actually poſſeſſed of a contrary Electricity, 
leaving their proper quantity of fluid in the 
lower plate, or the other conducting bodies, 
that communicate with it. But bodies dif- 
ferently electrified attract each other; there- 
fore the plate F, attracts thoſe light bodies. 
Now, as ſoon as theſe bodies touch the plate 
F, they become inſtantly poſſeſſed of the 
ſame Electricity with the plate, and will 
therefore be immediately repelled to the 
lower plate, which is actually electrifted 
with the contrary Electricity, and by touch- 
ing the light bodies, aſſiſts in repelling them 
again to the upper plate ; and thus the 
plates continue to act upon hel light bogies 
alternately. | | | 
1011s o 28 0) ,29141 
That the light bodies tantiot be attracted 
by the upper plate, except the beco qe firſt 


poſſeſſed of a contrary Eledtricity may, be 
obſerved : as follows: —Put the ſai 11 ght bo- 


then 
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then take off the braſs plate P, with its 
ſtand G, and in its ſtead put the pane of 
glaſs, holding it by one corner; this done, 
let the wheel of the machine be turned, 
and you will ſee that the light bodies are 
not attracted by the braſs plate F; for in 
this caſe they have no opportunity of part- 
ing with their proper quantity of fluid, and 
conſequently cannot acquire the contrary 
electricity. But if to the under ſide of the 
pane of glaſs, on which the light bodies are 
placed, a finger or any other conductor be 
preſented, the light bodies will be inſtantly 
attracted by the plate F, and will leap be- 
tween the glaſs and plate, in the ſame man- 
ner as between the two plates; for theſe 
bodies now depoſit their fluid upon the up- 
per ſurface of the glaſs plate, whilſt the 
under ſurface depoſits its fluid upon. the 
finger, or other conductor, that has been 
brought near it “. If this experiment be 


® If the above experiment be made with a prime 
Conductor negatively electrified, the effect will be the 
ſame, only the Electticities of the plates are reverſed; 
i. e. the upper plate is electrified negatively, and the 
under plate, by being in the atmoſphere of the upper 
one, is poſitively eiectrified. 
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continued, the wm _ ſoon be —_— 
ed . | 


ExPERIMENT III. 
The F lying-featber, or Shutthe=cock, : 


The phenomena of electric attraction and 
repulſion may be repreſented alſo with a 
glaſs tube, or a charged bottle, and ſome of 
them in a manner more an; than 
with the machine. 


Take a glaſs tube (whether ſmooth, or 
rough, is not material), and after having 
rubbed it, let a ſmall light feather- be let 
out of your fingers at the diſtance of about 
eight or nine inches from it. This feather 
will be immediately attracted by the tobe, 
and will ſtick very cloſe to its ſurface for 
about two or three ſeconds; and ſornerimes 
longer; after which time it will be repel- 
led, and if the tube be kept under it, che 
feather will continue e in the air at 
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1 Electric attraction and en takes place alſo 


within a vacuum, made by means of common ait- 
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à conſiderable diſtance from the tube, 


may drive the feather through the air of a 


repelled? the anſwer is, That the feather be- 
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without coming near it again, except it 
firſt touches ſome conducting ſubſtance ; 
and if you manage the tube dexterouſly, you 


room at your pleaſure. 


The reaſon of this experiment is obvi- 
ous; for when the feather is electriſied, it 
cannot approach the tube again, except it 
firſt touches ſome conducting body, be- 
cauſe it cannot part with its Electricity 
when floating in the air, and therefore can- 
not acquire a contrary Electricity: conſe- 
quently it muſt remain in a ſtate incapable 
of being again attracted by the excited 
tube. | 


If it be aſked, Why, when the feather is 
at firſt attracted by the tube, it ſticks for ſo 
conſiderable a time to its ſurface before it is 


ing an electric, requireth ſome time before 
it acquires any conſiderable quantity of 
Electricity. 
There 1s a remarkable circumſtance at- 
tending this experiment, which is, that if 
| the 
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the feather be kept at a diſtance from the 
tube by the force of electric repulſion, it 
always preſents the ſams part towards the 
tube ;—You may move the excited tube 


© 4bout the feather very ſwiftly, and yet the 


© phenomenon is, that the equilibrium of the 
electric fluid in the parts of the feather, be- 
ing once diſturbed, cannot eaſily be re- 


* p * * — „* 2 _ Sean de. 
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ed in the” fölfcwig nder A pero 
p may HOT i His Hand un exefted tube f 
ſmooth glafs, and afother perſon dp HGH⅛⸗a 
In cxcited, rough glaſz tube, + Nick of 


ame fide of the feather will always be pre- 


ſented to the tube. The reaſon of this 


ſtored ; becauſe the feather is an electric, 
or at leaſt a very bad Conductor. When 
the feather has acquired a quantity of Elee- 
tricity from the tube; it is plain, that by 


the action of the excited tube, that ſupex . 
indacedꝭ electricity will be in the greateſt 


part forced on that fide of the feather 
which happens to be at firſt the fartheſt 
from dhe tube; Hence that part will ah 


2 * repelletd enen. * 
Iain neee tba. 
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negatively electrified, at about one foot and 
a half diſtance from the ſmooth glaſs tube: 
a feather now may be let go between theſe 
twodifferently=excited electrics, and it will 
leap alternately from one electric to the 
other; and the two perſons will ſeem to 
drive a ſhuttle-cock from one to the other, 
by the force of Electricity. 


EXPERIMENT IV. 


The ſmall inſulated Body. 


Tie a ſmall body, as for inſtance a light 
piece of cork, to a filk thread about eight 
inches long, and holding the thread by its 
end, let the ſmall body hang at the di: I 

tance of about eight inches from the fic! 
of the prime Conductor eleQrified, Thu 
ſmall body, if the electrification of tit 
Conductor is not ſtrong, will not be 4. 
traced-; for, being inſulated, it cannot, . 
depoſiting its fluid upon, or receiving u 
from another body (when the prime Com-: 
ductor is electrified negatively), becom Wl 
contrarily electrified. But if a finger d 
any conducting ſubſtance be preſented v 
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the fide of the ſmall body which is fartheſt 
from the prime Conductor, then the ſmall 
body will immediately move toward the 
prime Conductor; for it has depoſited its 
W own fluid upon, or acquired ſome (in caſe 
the Conductor is hegatively electrified) 
from the body preſented to it; and when 
W this body has touched the prime Conduc- 
W tor, it will be inſtantly repelled from it, on 
account of the repulſion exiſting between 
bodies poſſeſſed of the ſame kind of Elec- 
C tricity, 


Indeed, if this inſulated body be very 
near to the prime Conductor, or the prime 
Conductor ſtrongly electrified, then the 
ſmall body will be attracted without pre- 
j ſenting to it any conducting ſubſtance ; but 
Win this caſe its natural quantity of electrie 
fluid will be either repelled into the con- 
Wtiguous air, or crouded on the part of the 
Wbody which is fartheſt from the prime 
Conductor, if the Conductor is electrified 
ide; but if it is electrified negatively, 
When the additional quantity of fluid, ne- 
| Weecry to render the ſmall body. over- 
Weharged, will be acquired from the air, or 
O 2 | ©3 begebe BO 
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the natural fluid belonging to that body 
will be all crouded on that ſide of it, which 
is neareſt to the prime Conductor. 


emo 31195326 10 N24 140 5 

If this {mall body, inſtead of the ſilk, be 
ſuſpended by a linen thread, it will be at- 
tracted at a much greater diſtance, than in 
the other caſe; for no the electric fluid 
will eaſily be conducted, by the thread, 
paſſing upwards, or downwards according 
as the prime Conductor is eleQrified, viz. 
negatively, or poſitively. 


Err V. 
The elefric W, ell. 


| > SONIC HI, BUN ao vus 34 03 Ui 

Place upon an electric ſtool a metal quat 
mug, or ſome other conducting body nearly 
of the ſame form and dimenſion; then te 
a ſnort cork - ball meckern of the kind 
repreſented fig. 3, at the end of a, filk 
thread proceeding from, the ceiling, of the 
room, or from nog Jag Proper ſupport, 


* Instead f che 88 3 may be uſed uf 
other Kind of ſmall conducting body; but that ſeems 
beſt adapted to ſuch experiments, 10 
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fo that the electrometer may be ſuſ- 
pended within the mug, and 'no part of 
it may be above the mouth ; this done, 
electrify the mug, by giving it a ſpark with 
an excited electric or otherwiſe, and you 
will ſee that the electrometer, whilſt it 
remains in that infulated ſituation, even if 
it be made to touch the ſides of the mug, 
is not attracted by it, nor does it acquire 
any Electricity; but, if whilſt it ſtands fuſ- 
pended within the mug, a Conductor, 


ſtanding out of the mug, be made to com- 


municate with, or only preſented to it, 
then the electrometer acquires an Electri- 
city contrary to that of the mug, and a 
quantity of it, which is proportionable to 
the body with which it has been made to 
communicate; and it is then mag 


attracted by the mug. 


The reaſon why in this experiment the 
electrometer contracts no Electricity whillt , 
ſufpended intirely within the cavity of the 
mug, is, becauſe the Electricity of the mug 7 
acts upon the electrometer on all ſides, and 
this has no opportunity of parting with its 
fluid, when the mug is electrified poſitively; 

F 
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nor of receiving any, when the mug is 
electrified negatively, But, as ſoon as any 
Conductor communicates with it, the elec- 
trometer becomes immediately poſſeſſed of 
the Electricity contrary to that of the mug; 
for if the mug be electrified poſitively, the 
fluid belonging to the electrometer will be 
repelled to that body, which communicates 
with it; and which, being out of the mug, 
cannot be affected by its Electricity; and 
if the mug is electrified negatively, it will 
attract the fluid of the electrometer, which 
actually receives an additional quantity af 
it from that conducting body, with which 
it communicates. The electrometer there- 
fore, becoming always poſſeſſed of a con- 
trary Electricity, muſt neceſſarily be at- 
tracted. | 


If, by raiſing the ſilk thread a little, part 
of the electrometer, i. e. of its linen threads, 
are lifted juſt above the mouth of the mug, 
the balls will be immediately attracted ; for 
then, by the action of the Electricity of the 
mug, it will acquire a contrary Electrieit) 
by giving to, or receiving the electric fluid 
from, the air above the cavity of the mug. 


3 f It 
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It has been ſuppoſed. by ſome, that the 


electrometer in the above experiment (or 
any other ſmall inſulated body), hanging in 
the cavity of an electrified veſſel, or the 
like, is not attracted by the ſides of the 
veſſel, becauſe the attraction of F lectricity, 
being as the ſquares of the diſtances in- 
verſely, cannot affect the electrometer one 
way more than another; it being demon- 
ſtrable, that, if to every point of a ſpherical 
concave ſurface, equal centripetal forces are 
directed, decreaſing as the ſquares of the 
diſtances from thoſe points, a ſmall body 
ſituated any where within that ſurface, 
would remain there, without being attracted 
one way more than another *, 


But to this it may be replied, that the 
demonſtration of the above-mentioned pro- 
polition, if it is applicable to ſpherical, or 
cylindrical concave ſurfaces, cannot, how- 
ever, be applied to every kind of zrregular 
cavities, with which (if they exceed not a 
certain fize) the above experiment ſucceeds 


as well, as with the cylindrical caniay of.. 
the mug. 


* NawrTon's Principia book L prop. Lxx. 
0 4 In 
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In ſhort, in this experiment, when the 
mug is electrified poſitively, it is ſuppoſed, 
I. That the ſuperinduced fluid, taking place 
upon the external ſurface, occaſions the 
contiguaus air to depoſit its fluid upon. 
ſubſequent quantity of air, and this over- 
charged air occaſions a contiguous circle, 
or quantity of air, to depoſit its fluid upon 
its ſubſequent or next adjacent circle, and 
ſo on. II. That none of the ſuperinduced 
Huid can exiſt;upon the internal ſurface of 
the mug, and therefore, inſulated bodies 
intirely ſuſpended. therein, can acquire no 
electricity, becauſe the internal air has no 
opportunity of. parting with its gn fluid, 
except a ſmall quantity about the, mouth of 
the mug, where, accordingly, a little Elec- 
tricity is obſervable, When the mug is 
electrified negatively; then it is ſuppoſed 
I. That the deficiency of fluid in the mug 
is only on its external ſurface ; for the air, 
contiguous -to this ſurface, by acquiring 
an additional quantity of electric fluid from 
the next ſtratum of air, may become elec- 
trifed-politively. II. That the internal 
ſurface of the mug is not undercharged, 


becauſe its $ contiguous air, being ſurrounded 
by 


4 
83 + , 
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by the mug, cannot become overcharged, 
by acquiring an additional quantity of 
fluid, except a ſmall quantity towards the 
mouth of the mug, where, accordingly, a 2 
little Electricity is obſervable. 


EXPERIMENT VI. ge 
To difinguiſh the Quality of Electricity in 
© eletirified Bodies. 


Before we proceed further, it is neceſ- 
fary, that we ſhould deſcribe ſome practi- 
cal method of diſtinguiſhing the quality of 
the Electricity in an electrified bady, which 
is abſolutely neceſſary for the right per- 
| formance of the enſuing experiments. To 
do this, different methods may be followed, 
vhich however are all founded, either upon 
the electric attraction, and repulſion, or 
upon the different appearances of the elec- 
tric light. To find out the quality of 
Electricity by the different appearances of 
its light, is a very convenient, and ſure 
method ; but” the phenomena of attraction 
and repulſion, afford one much more gene- 
ral, and, cafy ;. for ſometimes the quantity 
of Electricity to be -obſeryed is ſo very 


2 | ſmall, 
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ſmall, that it will give no light, though 
it may be ſtill capable of attracting or re- 


pelling. 


The general method to prove whether 
the Electricity of a body, electrified either 
by excitation, or communication, is nega- 
tive, or poſitive, is, to bring it pretty near 
to an electrified electrometer D or C fig. 4, 

and obſerve whether the body attracts or 
repels it; for if the electrometer is electri- 
fied poſitively, and the electrified body re- 
pels it, then you may conclude that the 
body is alſo electrified poſitively ; becauſe 
bodies, poſſeſſed of the ſame kind of Elec- 
tricity, repel each other; but if the body 
preſented attracts the Electrometer, then it 
muſt be electrified negatively, becauſe there 
is no electric attraction between bodies, 
unleſs they are differently electrified ; and 
as the electrometer is known to be electri 
fied poſitively, the body is conſequent!y 
electriſied negatively, 


This may be alſo done by electrifying the 
electrometer negatively ; but then the ef- 
fects are juſt the contrary, i. e. the electri- 
! fied 


ITY — 8 * 
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fied body, if negative, will repel the elec- 
trometer, and if poſitive, will attract it. 


In this experiment, however, it muſt be 
obſerved, that, if the Electricity of the 
electrified body is much ſtronger, than that 
of the electrometer, or the Electricity of 
the latter ſtronger, than that of the former, 
and the electrified body be brought very 
near the electrometer, then they will at- 
tract one another, notwithſtanding they are 
poſſeſſed of the ſame kind of Electricity. 
Suppoſe, for inſtance, that one of the elec- 
trometers C is poſitively electrified, ſo that 
its cork-balls may diverge about half an 
inch, and a glaſs tube ſtrongly excited be 
brought near it; when this tube is a foot 
diſtant, or more, the electrometer will be 
a little repelled by it; but if the tube be 
brought nearer, the cork- balls, that before 
diverged half an inch, will now converge 
till they are in contact, and appear, as they 
actually are, uneleErified ; becauſe the 
action of the excited tube has repelled their 
ſuperfluous fluid through the threads up to 
the remoteſt part of the electrometer. If 
the tube be preſented ſtill nearer, the balls 

| | will 
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will then be attracted by it, becauſe the 
ſtronger Electricity of the tube repels not 
only their ſuperinduced, but alſo their na- 
tural quantity of fluid up the threads, &c. 
and therefore the balls, becoming negative= 
ly electrified, muſt neceſſarily be attracted 


by the tube, 


Upon this principle an electrometer may 
be eleQrified negatively by means of an 
electric poſitively excited ; or, on the con- 
trary, it may be electrified poſitively by a 
electric poſſeſſed of the negative Electrici- 
ty. Take for inſtance a glaſs tube excited 
poſitively, and bring it within fix or ſeven 
inches under the balls of one of the above- 
ſaid electrometers; in which caſe the balls 
of the electrometer will diverge, becauſe 
their natural quantity of electric fluid ha: 
been driven from them to the upper part 
of the threads by the action of the tube 
poſitiyely excited; ſo that the balls in rea- 
ity, diverge with negative Electricity. 
Now, 1 in this ſtate touch the upper part 
of the threads of the electrometer with 
4 your finger, which will take off ſome of the 


A'S. fluid natural to the electrometet 
Altes 
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after which remove the finger, and imme- 
diately after remove the glaſs tube, and 
the electrometer will remain electrified ne- 
gatively, becauſe the excited glaſs tube did 
not impart any electric fluid to the elec- 
trometer, but only diſturbed the equili- 
brium of the natural quantity of electric 
fluid, which belonged to the electrometer, 
and part of which eſcaped through the 
finger that touched the electrometer, 
and which did conſequently remain in a 
negative ſtate.— After the like manner the 
electrometer may be electrified poſitively, 
by means of a body poſſeſſed of negative 
Electricity. 


But ſhould a more preciſe method than 
the above be required, to determine_the 
quality of the Electricity of an electriſied 
body, the following may be uſed :=Firſt, 
electrify one of the electrometers C, placed 
upon the ſtand fig. 4, either politively, or 
negatively, at pleaſure : touch it, for in- 
ſtance, with an excited glaſs tube, ſb that 
its balls may repel, and ſtand about two 
inches diſtant from one another ; then touch 
the other electrometer C with the electri- 

fied 
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fied body, that you deſire to examine, ſo 
that it may be poſſeſſed of the ſame degree 
of Electricity: Laſtly, take either of the 
two electrometers by the top of the glaſs 
handle à, diſengage it from the arm of the 
ſtand, and bring it near the other elektro- 
meter; if then, the balls of one electro- 
meter repel thoſe of the other, you may 
conclude that they are poſſeſſed of the ſame 
Kind of Electricity; but if they attract each 
other, you may conclude that they were 
electrified with contrary Electricities; and 
as you know the Electricity of that electro- 
meter, which was firſt electrified, you will 
alſo know the Electricity of the other elec- 
trometer, i. e. of the electriſied body, with 


which it was touched. 


The above experiment may be alſo made 
with the ſingle- thread electrometers; for 
if they are brought near to one another, 
when their feathers are electrified, they 
will, if poſſeſſed of the ſame Electricity, 
repel, or if poſſeſſed of contrary Electrici- 
ties, attract each other. 


ExPE- 
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FxeznMEnt VII. 
The inſulated metallic Rad. | 


Inſulate in an horizontal poſition a me- 
tallic rod about two feet long, having 
blunt ends, and to one of its ends ſuſpend 
an electrometer, like that repreſented fig. 33 
then bring within three or four inches 
diſtance of its other end an excited glaſs 
tube. On the approach of the tube, the 
balls of the electrometer will open, and if 
you preſent towards them a body poſitively 
electrified, you will perceive, that they di- 
verge with poſitive Electricity. If the 
tube is removed, the balls come together 
again, and no Electricity remains in them, 
or in the metallic rod. But if while the 
tube is near one end of the rod, and the 
balls diverge with poſitive Electricity, the 
other end of the rod, viz. that from which 
the electrometer hangs, be touched with 
ſome Conductor, the cork-balls will come 
immediately together, and they will re- 
main ſo when the Conductor has been re- 


moved; remove now the excited glaſs 
tube; 


n 
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tube, and the balls will immediately di- 


verge with negative Electricity; which 
ſhows that the rod remains undercharged, 
i. e. electriſied negatively. 


The reaſon of this experiment is, that 
the repelling power of the excited tube, 
driving the fluid of one end of the rod to 
its other end, f. e. to that, with which the 
clectrometer is connected, renders this end 
electrĩfied poſitively; but in fact the tube 
communicates no Electricity to the rod, it 
only diſturbs the equable diffuſion of its 


| fluid: in conſequence of this, the electro- 


meter, hanging to the overcharged end of 
the rod, maſt neceſſarily appear to be elec- 
trified poſitively ; but when the tube is re- 
moved, then the elecrometer appears again 
unelectrified: for the fluid, which had by 
the action of the tube been driven to one 
end of the rod, now retires, to its former 
fituation, and leaves the rod with the 
electrometer unclecttified. 


a In the ſecond caſe, when the balls of the 
elecrometer diverge with poſitive Electri- 


city, if that end of the rod is touched with 
- a ſome 
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ſome conductor, all its ſuperfluous fluid, 
which is no other, than that belonging to 
the oppoſite end of the rod, will be commu- 
nicated to that body, with which the rod is 
touched, and therefore the electrometer re- 
mains unelectrified: but now in fact the 
rod has loſt ſome of its natural quantity of 
fluid; for if the end of it, that is fartheſt 
from the excited tube, remains in its natu- 
ral ſtate, the other end is undercharged ; 
conſequently, when the tube is removed, 
the ſmall quantity of fluid that remains in 
the rod will diffuſe itſelf uniformly through 
it; but this quantity of fluid is leſs than 
that naturally inherent in the rod; the rod 
will therefore remain undercharged, and 
hence the balls of the electrometer diverge 
with negative Electricity. 


This explanation is the ſame as that 
mentioned in the preceding experiment, 
dig. in the method of electrifying an elee- 
trometer negatively, with a body poſſeſſed 
of poſitive electricity, &c. ; but as this expe- 
riment is the baſis, or key, of ſeveral others, 
| ſhall inſiſt on it a little longer; and, to 
render its explanation more intelligible and 
P clear, 
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clear, I ſhall make uſe of the ny of 


diagram: ſan 
ö the 
A — B. of 
| wil 
Let the above-mentioned inſulated rod rod 
be repreſented by the line AB. When tive 
this rod is in its natural ſtate (in reſped to 
Electricity) then the electric fluid belonging I 
to it, is equally diffuſed throughout the rod an 
But when the excited tube is brought with- ſtan 
in three or four inches diſtance of one af exc 
the ends, for inſtance B, then the fluid, be- trie 
longing to that end, will be driven to the of y 
end A; which end therefore becomes over+ that 
charged; and the end B undercharged ; yt has 
the rod has no more electric fluid non, and 
than it had before; and when the tubes opp 
removed to ſome diſtance from the rod, ſom 
the ſuperfluous fluid, repelled to the end 4, lomy 
returns to its former place, 7. e. to the end and 
B, and the equilibrium in the rod is t. been 
ſtored. But if, when the fluid in the ro rem 
is repelled to the end A, this end bi char 
touched, the fluid repelled thither will uw mr 
mediately be conducted away by the bod In 
_ touched it, and will leave the end 1 be t; 


of 
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of the rod in a natural ſtate ; but at the 
ſame time, the end B is undercharged 
therefore, when the tube is removed, part 
of the natural fluid belonging to the end Az 
will go to the end, B; and thus the whole 
rod will remain undercharged, i. e. nega- 
tively electrified. 


If the above experiment be made with 
an electric negatively electrified (for in- 
ſtance, a rod of ſealing- wax inſtead of the 
excited glaſs tube) then the apparent Elec- 
tricities in the- rod; will be juſt the reverſe 
of what they were before; for in this caſe, 
that end of the rod to which the electrie 
has been preſented, will be overcharged, 
and the oppoſite end undercharged; which 
oppoſite end, if touched in this ſtate with 
lome conducting ſubſtance, will acquire 
ſome electric fluid from that ſubſtance z 
and when, after that ſubſtance has 
been removed, the excited electric is alſo 
removed, the rod will remain over- 
charged. 
ln making this experiment, care muſt 
be taken that the end of the rod be very 
P 2 blunt, 
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blunt, and that the electric be not very the 

| powerfully excited ; otherwiſe a ſpark may ma 

paſs from this to the rod, which render, a 

the experiment precarious. 4 

g g afl. >. 
ExxPYERINM ENT VIII. the 

The two inſulated metallic Rods. he 

Take two rods of metal, each about: Ri 

foot long, furniſhed with knobs at both the 

ends, and, either by filk lines, or by inſu- d b 

lating ftosls, inſulate them, fo that they | 

may ſtand horizontally in one direction, 1 

and at about half an inch diſtance from one . glat 

another. To the middle of each of theſ be 

rods hang an electrometer, like that repre- tha 
| ſented hg. 3. This done, take an excite! the 
5 glaſd tube, and bring it to about thret ele 
3 inches diſtance from the knob of one of ef 
F | the rods; on doing which, the electrome- flui 
7 1 ters of both rods will appear electrifed: trac 
3J keep the tube in that ſituation for about 
A two ſeconds, then remove it. The rods nov 
1 con 
1 will remain electrified, as appears by the Us 
2 electrometers; the firſt, viz, that to which the 


If x 
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che excited tube had been preſented, re- 
maining negative, and the other poſitive. 


The reaſon of this phenomenon is, that 
when the tube was near the end of one of 
the rods, the action of its fluid repelling 
the fluid of that rod, cauſed it to paſs in a 
ſpark. to the other contiguous rod; on 
which account, when the tube was re- 
moved, the firſt rod, having loſt ſome of its 
natural fluid, remained underchorged; and 
the other rod, acquiring the fluid loſt by 
the former, became overcharged. 


In this experiment, if, inſtead of the 
glaſs tube, an electric, negatively excited, 
be brought near the end of one rod, then 
that rod will be electrified poſitively, and 
the other negatively; for the action of this 
(lectric, producing juſt the contrary effect 
WT of the glaſs tube, inſtead of repelling the 
We fvid of the firſt rod into the fecond, at- 
tracts that of the ſecond into the firſt. 


la this experiment the dedric hoes not 
communicate any electricity of its own, 
but only diſturbs the Ae OP 
the fluid of the rods, 
| P 3 CHAP. 
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CHAP, VL 


Emme on electric Light, 


＋* E following experiments require 
| to be made in the dark; for although 


the electric light, in ſeveral circumſtances, 
may be ſeen in the day-light, yet its ap- 
pearance in this manner is very confuſed; 
and, that the Electrician might form a bet- 
ter idea of its different appearances, it is 
abſolutely neceſſary to perform ſuch experi- 
ments in a darkened room. 


EXPERIMENT I. 


The Star and Pencil of electric Light. 


When the electrical machine is in good 
order, and the prime Conductor is ſituated 
with the collector ſufficiently near the glab 

cylinder (which ſituation I ſhall call here- 

; after its proper place) turn the winch, and 

3% you will ſee a lucid ſtar at each of the 

AY points of the collector. This ſtar is the 
| ES, f x conſtant 
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conſtant appearance of the electric fluid 
that is entering a point. At the ſame time, 
you will ſee a ſtrong light proceeding from 
the rubber, and ſpreading itſelf over the 
ſurface of the cylinder; and, if the excita- 
tion of the cylinder is very powerful, denfe 
ſtreams of fire will proceed from the rub- 
ber, and, darting round almoſt half the cir- 
cumference of the cylinder, will reach the 
points of the collector ®, _ .. 


If the chain of the rubber is taken off, 
and a pointed body (as for inſtance, the 
point of a needle or a pin) is preſented to 
the back of the rubber, at the diſtance of 
about two inches, a lucid pencil of rays 
will appear to proceed from the point pre- 
ſented, and diverge towards the. rubber. 


If the prime Conductor is removed, the denſe 
ſtreams of fire will go quite round the cylinder 
reaching from one fide of the rubber to the other, — 
By obſerying on which fide of the cylinder thoſe 
ſtreams are moſt copious, it may be eaſily determined 
which fide of the rubber preſſes more or leſs upon the 
cylinder, or is better covered with amalgam, or, in 
Mort, which ſide is the moſt or leaſt fit 0 drei. 


von of the glaſs, A 31 58919 oh fot 
P 4 This 
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This pencil is the conſtant appearance of 


the electric fluid iſſuing from a point; and 


in fact, it now comes out of the point, in 


order to ſupply the rubber, which is con- 
ſtantly exhauſted by the u in mo- 
tion. 

If another pointed body be preſented to 
the prime conductor, it will appear illumi- 
nated with a ſtar; but if a pointed wire, 
or other pointed conducting body, be con- 
need with the prime Conductor, it wil 
throw out a pencil of rays; for the prime 
Conductor being overcharged, the fluid de- 


parting from it muſt; agreeably to the law, 
form a pencil on that point from which it 


flies off, pad a ſtar on that youre which it 


enters *,- 
F. Bxc- 


A may be aſked, why the electric fluid enterings 
Point, 6dufeth the appearance of a ſtar ; and when go- 
Ing out of the point, cauſeth the appearance of a bruſh 
of rays ?' a anſwer to this queſtion, F. Bgccari 
ſuppoſes, that the ſtar hs occaſſoned by the difficulty 
with which the electric Auid i is extricated from the ail, 
which Kan gearic. Suppoſe, for inſſance, that 2 
polnted*wite is preſented to a body poſitively electr- 
fad, whe electric fluid is 9 from that body commu- 


nicated 
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F. BrccARia remarks, that if two 

equally ſharp points are approached to a 

prime conductor, they will appear lumi- 

nous at only half the diſtance at which 
one of them would have done. X 


From this experiment may be learned 
the method of diſtinguiſhing the quality of 
the Electricity of an electrified body, by 
the appearance of the electric light; for if 
a needle, or any other pointed body, be 
preſented in the dark, with the point to- 
wards a body ſtrongly electrified, it will 
appear illuminated with a ſtar, when that 
body is electrified Poſitively, and with a 
pencil or bruſh, when it! is electrifed ne- 


Ktively. | 


Here it is proper to remark, that if two 
polnts (one . which is connected with the 


: 


Neue to the as dal it and the wire, 1 * 
the wire muſt extricate it from that air. The bruſh, 
he ſuppoſes to be occaſioned by the force with which 
the electric fluid, going out of a point, runs through 
the contiguous air to that Which is more remote from 
it; i. e, by dividing the contigugus air, and not by 


Axing itſelf to it, 


prime 
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prime conductor, or the rubber) are op- 
poſed to one another, the appearance of 
light in both is pretty much the ſame. 
Mr. WiIckx remarks, that if a point not 
electrified, is oppoſed to another point elec. 
trified poſitively, the cones of light, which 
otherwiſe would appear upon them, diſap- 
pear; but that if a poſitive cone be op- 

poſed to a negative cone, they both pre- 
ſerve den own. ee e, 9 


— 'Þ 


M ert EXPERIMENT U. 


Drawing Parke, 


25 * prime Conductor be ſituated i in 
its proper place, and electrify it by work- 
ing the machine; then bring a metallic 
rod with a round knob at each end, or the 
knuckle of a finger, within a proper dif- 
tance of the prime Conductor, and a ſpark 
will be ſeen between that and the knuckle, 
ot knobbed wire. The longer and ftronget 
Tpark is wk from that end of the prime 


. 
* it = 
44 24 


5 Werz, p- 140.Sr Decca Art. Eled. 
| p 941, and following. | 
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Conductor which is fartheſt from the ey- 
linder, or rather from the end of the 
knobbed rod I B, fixed at its end B, 
fg. 2, ; for the electric fluid ſeems to ac- 
quire an impetus by going through a long 
Conductor, when electrified by a 3 
machine *. 


This ſpark (which has the ſame appear- 
ance, whether drawn from a prime Con- 
ductor poſitively, or negatively electrified) 
appears like a long line I of fire, reaching 
from the Conductor to the oppoſed body ; 
and often (particularly when the ſpark is 
long, and different conduQting ſubſtances 
are near the line of its direction) it will 
have the appearance of being bended to 
ſharp angles in different places, exactly re- 
ſornbling a flaſh of lightning. Notwith- 
ſtanding, however, this extended appear- 
ance, which is imputed to the quick paſ- 
ſage of the luminous matter, the electric 


The reaſon of this, I think, is, becauſe that end 
of the prime Conductor is, leſs influenced by Ys at · 
moſphere of the excited cylinder. 

I It often darts bruſhes of light n in every 


direction. : 
fluid 
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fluid paſſing from one body to another in 2 


ſpark, is reaſonably. thought to proceed in 


2 ſeparate, and nearly globular body. | 


The direction of the ſpark often deceive 
dhe moſt FIP erienced Electrician, it ſeem- 


ing ſometimes to proceed from one place, 


and at other times, under the ſame circum- 
ſtances, to proceed from the oppoſite. 
When the prime Conductor is electrified 
poſitively, the ſpark muſt certainly proceed 
from it, and go to the body preſented ; and 
when the prime Conductor is electrifed 
negatively, the ſpark. muſt procged from 
the body prelented, and go to the Con- 
ductor. This, however, we learn by rea- 
ſoning from other experiments; for the 
real direction of the ſpark in the abort 
experiment, is much more rapid in its 


motion than to admit its form, much leſs 


its direction, to be perceiyed by our eyes. 
A longer ſpark may be drawn from 2 
larger than from a ſmaller Conductor, ex- 
cept. when the Conductor exceeds a certain 
fie. The Conductor, which, when put 
before an ordinary electrical machine, will 
give ſparks about equal in length, to the 

un diameter 
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diameter of the glaſs cylinder of the ma- 
chine, is the largeſt that can be uſed to 
advantage; for a longer ſpark cannot be 
obtained, except in ſome particular caſes, 
viz. when ſome particles of duſt, or other 
extraneous matter, happen to be inter- 
poſed between the Conductor and the 
braſs ball, or other ſubſtance, that is op- 
poſed to it, &c. as will appear from the fol- 
lowing reaſoning: The circumference of 
the glaſs cylinder is nearly equal to three 
times its diameter. The rubber, with its 
piece of filk, &c. may occupy about one. 
third part of the ſaid circumference, and 
conſequently the collector of the Conduc- 
tor, when put in the middle of the re- 
maining ſurface, at moſt cannot be far- 
ther from the rubber than the length of 
one diameter of the cylinder, vis. one 
third part of the circumference ; there 
fore it is plain, that if the cylinder could 
give a ſpark longer than the diameter of 
the cylinder, the ſpark would be darted to 
the rubber, rather than to any other body 
placed farther off from the Conductor. 
When the rubber of the machine is made 
to communicate with the earth, by means 

x of 
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of imperfect conductors, as a piece of wood, 
&c. then the Conductor will give a ſpark 
generally longer than when perfect conduc- 
tors are employed for the ſaid communica- 
tion. In this caſe it may happen, that a ſpark 
ſome ſmall matter longer than the diameter 
of the cylinder, might be obtained. 


EXPERIMENT III. 


The electric Light flaſhing between two 
metallic Plates. 


Let two perſons, one ſtanding upon an 
inſulated ſtool, and communicating with 
the prime Conductor, and another ſtanding 
upon the floor, each hold in one of his 
hands a metal plate, in ſuch a manner, that 
the plates may ſtand back to back in a pa- 
rallel fituation, and about two inches aſun- 
der. Let the winch of the machine be 
turned, and you will ſee the flaſhes of light 
between the two plates ſo denſe and fre- 
quent, that you may eaſily diſtinguiſh any 
thing in the room. By this experiment, 
the electric light is exhibited in a very 
copious and beautiful manner, and it bears 
a ſtriking reſemblance to lightning. 
we'd and EXPERIMENT 


=—_ ce e ond mo. 


S2 = 


2 


of ELECTRICITY. 223 


EXPERIMENT IV. 
To fire inflammable Spirits. 


The power of the electric ſpark to ſet 
fire to inflammable ſpirits, may be exhi- 
bited by ſeveral different methods ; but 
more eafily thus : — Hang to the prime 
Conductor a ſhort rod, having a ſmall 
knob at its end, then pour ſome ſpirit of 
wine, a little warmed, into-a ſpoon of me- 
tal*; hold the ſpoon by the handle, and 
place it in ſuch manner, that the ſmall 
knob on the rod may be about one inch 
above the ſurface of the ſpirit. In this 
ſituation, if, by turning the winch, a ſpark 
be made to come from the knob, it will 
{ct the ſpirit on fire. 


This experiment happens in the very 
ſame manner, whether the Conductor is 


* The readieſt way to warm the ſpirits for this ex- 


periment, is to ſet it on fire with a candle when it is in 
the ſpoon, and, after it has burned for about two ſe- 
conds, to blow it out with your breath. In this ſtate 
it will be found very ready to take fire, even by a ſmall 


ſpark, 
clearified 
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electrified poſitively or negatively, 1. e. 
whether the ſpark be made to come from 
the Conductor, or from the ſpoon; it be- 
ing only in conſequence of the rapid mo- 
tion of the ſpark that the ſpirits are kin- 
dled. 


It will be perhaps ſcarce neceſſary to re- 
mark, that the more inflammable the ſpi- 
rits are, the more proper they will be for 
this experiment, as a ſmaller ſpark will be 
ſufficient to inflame them; therefore, rec- 
tified ſpirit of wine is better than common 
proof ſpirit, and æther better than either. 


This experiment may be varied different 
ways, and may be rendered very agreeable 
to a company of ſpectators. A' perſon, for 
inſtance, ſtanding upon an electric ſtool, 
and communicating with the prime Con- 
ductor, may hold the ſpoon with the ſpi- 
rits in his hand, and another perſon, ſtand- 
ing upon the floor, may ſet the ſpirits on 
fire, by bringing his finger within a ſmall 

diſtance of it. Inſtead of his finger, he 
may fire the ſpirits with a piece of ice; 
when the experiment will ſeem much more 


= 52 f. ſurpriſing. 


a 


the 
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ſurprizing. If the ſpoon is held by the 
perſon ſtanding upon the floor, and the in- 
ſulated perſon brings ſome conducting ſub- 1 
ſtance over the ſurface of the ſpirit, the 1 
experiment ſucceeds as well. 1 


« Mr. WI n cRLIR ſays, that oil, pitch, 
„ and ſealing-wax, might be lighted by 
electric ſparks, provided thoſe ſubſtances 
te were firſt heated to a degree next to 
* kindling. To theſe it muſt be added, 
* that Mr. GRALATH fired the ſmoke of 
ea candle juſt blown out, and lighted it 
* again ; and that Mr. Bozz fired gun- 
* powder, melting it in a ſpoon, and firſt 
* the vapour that roſe from it *. 


EXPERIMENT V. 


The artificial Bolonian Stone uminated 
& the electric Light. 


The moſt curious experiment to ſhew 
the penetrability. of the ele&ric light, is 


4» 


* PRieSTLEY's Hiſt. of Elect. period VII. 


Q - made 
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made with the real, or with the artificial 


Bolonian ſtone, which is procured more we 
eaſily, and was invented by the late all 
Mr. J. CanToxn. This phoſphorus. is a ſto 
calcareous ſubſtance, generally uſed. in the ſea 
form of a powder, which has the property dar 
of appearing lucid, when brought into the mu 
dark after having been expoſed; to the but 
Take is k 
The method of making this phoſphorus is as fo WW the 
lows :' Calcine ſome common oyſter-ſhells“ (if ligh 
they are old, and half calcined. by time, ſuch as are and 
commonly found upon the fea-ſhore, they are, as Mr, too 
W. CanTon obferves, ſo much the better) by 
keeping them in a good coal-fire for half an hour, 
ec let the pureſt part of the calx be pulverized, and T 
ec ſifted ; mix with three parts of this powder one by 1 


spart of the flowers of ſulphur ; let this mixture be 
* rammed into a crucible of about an inch and 2 
* half in depth, till it be almoſt full; and Jet it be 
e placed in the middle of the fire, where it moſt be 
4 kept red · hot for one hour at leaſt, and then ſet it 
c by to cool: when cold, turn it out of the crucible 
% and cutting or breaking it to pieces, ſcrape of, 
« upon trial, the brighteſt parts; which, if good 
e phoſphorus, will be à white powder, and may be 
c preſerved by keeping it in a dry phial with a ground 
4 ſtopple.” : 
If this phoſphorus, whether in the phial or not, be 


kept in the dark, it will give no light, but if expo 
| | &Y 8 


F 
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Take ſome of this powder, and, by 
means of ſpitit of wine, or ether, ſtick it 
all over the inſide of a clear glaſs phial, and 
ſtop it with a glaſs ſtopper, or a cork and 
ſealing-wax. If this phial be kept in a 
darkened room (which for this experiment 
muſt be very dark) it will give no light, 
but let two or three ſtrong ſparks be drawn 
from the prime Conductor, when the phial 
is kept at about two inches diſtance: from 
the ſparks, ſo that it may be expoſed to that 
light, and this phial will receive that light, 
and afterwards will appear illuminated' for 
a conſiderable time. 


This poder may be ſtuck upon a board 
by means of the white of an egg, ſo as to 
repreſent figures of planets, letters, or any 
thing elſe, at the pleaſure of the operator, 
and theſe figures may be illuminated in the 
dark, in the fame manner as the above- 
deſcribed phial. 


4 


We fo the light, either of the day, or of any thing elſe, 
aud afterwards brought into a dark place, it will then 
Ppear lucid for a conſiderable time. For farther pro- 
| d of this phoſphorus, ſee the Phil. Tranſ. Vol. 


Q 2 A beautiful 
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A beautiful method to expreſs geometti- 
cal figures with the above phoſphorus, iz 
to bend ſmall glaſs tubes of about the 
tenth part of an inch diameter, in the ſhape 
of the figure deſired, and then to fill them 
with the phoſphorus powder. Theſe may 
be illuminated in the manner deſcribed, 
and they are not ſo ſubje& to be ſpoiled, 
as the figures repreſented upon the board 
frequently are. 
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The beſt method of illuminating. this 
phoſphorus, and was that Mr. W. Cax- 
To generally uſed, is to diſcharge a ſmall 
electric jar near it. 


9 


ri. 5 
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Paper, after being made dry and rather 
hot, marble, oyſter-ſhells, and moſt calca- 
reous ſubſtances, eſpecially when burned to 
lime, have the property of being illumi- 
nated by the light given by the diſchargs 
of a jar, though not ſo much as the above- 
mentioned phoſphorus. | 


The luminous Conductor. 


Fig. 6. Plate I. repreſents a prime Con- 
ductor invented by Mr. HENLY, which 
ſhews clearly the direction of the electric 
fluid paſſing through it, from whence it is 
called the luminous Conductor. The mid- 
dle part E F of this Conductor is a glaſs 
tube about cighteen inches long, and three 
or four inches in diameter. To both ends 
of this tube the hollow braſs pieces F D, 
BE, are cemented air-tight, one of which 
has a point C, by which it receives the 
electric fluid, when ſet near the excited 
cylinder of the electrical machine, and the 
other has a knobbed wire G, from which a 
ſtrong ſpark may be drawn; and from each 
of the pieces FD, B E, a knobbed wire pro- 
| ceeds, within the cavity of the glaſs tube. 
The braſs piece F D, or B E, is comp ofed 


An inſtrument. much like this Conductor was 
| ſome years ago contrived by Dr. Warzen, with which 
he made ſeveral original experiments upon the electric 


tight, 


b 
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of two parts, 7. e. a cap F cemented to the 
glaſs tube, and having a hole with a valve, 
by which the cavity of the glaſs tube may 
be exhauſted of air ; and the ball D, which 


is ſkrewed upon the cap F. The fup- 


porters of this inſtrument are'two glaſs pil- by 
lars faſtened in the- bottom board H, like * 
the prime Conductor repreſented fig. 2. * 
When the glaſs tube of this Conductor a 
is exhauſted of air by means of an air- 0 
pump, and the braſs ball is ſkrewed on, as tt 
repreſented in the figure, then it is fit for A 
uſe, and may ſerve for a prime Conductot it 
to an electrical machine, in 
If the point C of this Conductor is (et 

near the excited cylinder of the machine ol 
it will appear illuminated with a tar ; it th 
the ſame time the glaſs tube will appear all : 
. 


illuminated with a weak light; but from 
the knobbed wire, that proceeds within the 
glaſs from the piece F D, a lucid pencil 
will iſſue out, and the oppoſite knob will 
appear illuminated with a ſtar, which, a 
well as the pencil of rays, is very clear, 
and ar among the other light, 


(bu 
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that occupies the greateſt part of the ky 
of the tube. 


If the point C, inſtead of being preſented 
to the cylinder, be connected with the rub- 
ber of the machine, the appearance of light 
within the tube will be reyerſed ; the knob 
which communicates with the piece F D 
appearing illuminated with a ſtar, and the 
oppoſite with a pencil of rays ; becauſe in 
this caſe the direction of the eleQric fluid 
is juſt the contrary of what it was before; 
it then going from D to B, and now com- 
ing from B and going to D. 


If the wires within the tube E F, inſtead 
of being furniſhed with knobs, be pointed, 
the appearance of light is the fame, but 
it ſeems not ſo ſtrong in this, as in the 
other caſe. 


EXPERIMENT VII. 
The condufting G laſs Tube. 


Take a glaſs tube of about two inches 
diameter, and about two feet long; fix to 


24 one . 
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one of its ends a braſs cap, and to the other 
a ſtop· cock, or a valve; then by means of 
an air-pump exhauſt it of air. If this tube 
be held by one end, and its other end be 
brought near the electrified prime Conduc- 
tor, it will appear to be full of light, when- 
ever a ſpark is taken by it from the prime 
Conductor ; and much more ſo, if an elec- 


tric jar be diſcharged through it. 


This experiment may alſo be made with 
the receiver of an air-pump ; take, for in- 
ſtance, a tall receiver, clean and dry, and 
through a hole at its top inſert a wire, 
which muſt be cemented air-tight, The 
end of the wire, that is within the tube, 
muſt be pointed, but not very ſharp ; and 
the other end muſt be furniſhed with a 
knob, Put this receiver upon the plate of 
the air-pump, and exhauſt it. If now the 
knob of the wire at the top of the receiver 
be touched with the prime Conductor“, 


* When any thing is to be touched with the prime 
Conductor, that is not very portable, as the air- pump 
above - mentioned, the communication between the 
former and the latter may be made by means of a rod 
furniſhed with an electtie handle, or the like. - 

every 
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every ſpark will paſs through the receiver 
in a denſe and large body of light, from 
the wire to the plate of the air- pump. 


It muſt be obſerved, that when the air is 
yery much rarefied, the electric light in it 
is leſs denſe, though more diffuſed, and 


contrary wiſe. 


EXPERIMENT VIII. 


The Aurora Borealis, 


Take a phial nearly of the ſhape and ſize 
of a Florence flaſk ; fix a ſtop=cock or a 
yalve to its neck, and exhauſt it of air as 
much as it is poſſible with a good air- 
pump. If this glaſs is rubbed in the com- 
mon manner uſed to excite electrics, it will 
appear luminous within, being full of a 
flaſhing light, which plainly reſembles the 
aurora borealis, or northern light. This 
phial may alſo be made luminous by hold- 
ing it by either end, and bringing the other 
end to the prime Conductor; in this caſe 
all the cavity of the glaſs will inſtantly ap- 
pear full of flaſhing light, which remains 
in 
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in it for a conſiderable time after it his 
been removed from the prime Conduc- 
tor. g 


Inſtead of the above - deſcribed glaſs veſ- 
ſel, a glaſs tube, exhauſted of air and her- 
metically ſealed, may be uſed, and per- 
haps with better advantage. The moſt re- 
markable circumſtance of this experiment 
is, that if the phial or tube, after it has 
been removed from the prime Conductor 
(and even ſeveral hours after its flaſhing 
Iight hath ceaſed to appear), be graſped 
with the hand, ſtrong flaſhes of light will 


immediately appear within the glaſs, which 
often reach from one of its ends' to the 
other, 


The cauſes on which this experiment 
depend are two; firſt, the conducting na- 
ture of the vacuum; and, ſecond, the charg- 
ing of the glaſs : for when one fide of the 
glaſs phial is touched with the prime Con- 
ductor, the electric fluid, communicated to 
the outſide ſurface of one fide of the phial, 
cauſeth the natural flaid belonging to the 
inſide ſurface to depart from its place, and 
| 8⁰ 
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go to the oppolite fide of the phial ; and 
this fluid, paſſing through the vacuum, 
cauſes the light within the phial, which 
light is more or leſs ſubdivided, according 
as the vacuum is leſs or more perfect. Now, 
that part of the phial, which has touched 
the prime Conductor, is actually charged; 
for its outſide ſurface has acquired an ad- 
ditional quantity of electric fluid, and the 
inſide ſurface has loſt part of its own ; but 
as the outſide of the phial has no coating, 
= therefore, when it is removed from the 
prime Conductor, and is not graſped 
Vith the hand, or other Conductor, the 
charged part of the glaſs can be diſcharged 
only gradually; that is, whilſt its outſide 
ſurface is communicating its ſuperfluous 
fluid to the contiguous air, the inſide ſur- 
face acquires the electric fluid. from the 
other end. of the phial, which fluid paſſing 
through the -vacuum, cauſes that flaſhing, 
which is obſerved for ſo conſiderable: a 
time, If the phial is graſped with the 
hand, its diſcharge is accelerated, hence the 
flaſhes within the phial appear more denſe 
and copious; yet it cannot be diſcharged all 
at once by this operation, becauſe the hand 

5 cannot 
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cannot touch every part of the glaſs at 
once, Age 0 


EXPERIMENT IX. 


The viſible electric Atmoſphere. 


I fig. 2. Plate II. repreſents the re- 
ceiver with the plate of an air-pump. In 
the middle of the plate I F, a ſhort rod is 
fixed, having at its top a metal ball B nice- 
ly poliſhed, whoſe diameter is nearly two 
inches. From the top of the receiver, ano- 
ther rod AD with a like ball A proceeds, 
and is cemented air-tight in the neck C; 
the diſtance of the balls from one another 
being about four inches, or rather more. 
If, when the receiver is exhauſted of air, 
the ball A be electrified | poſitively, by 
touching the top D of the rod AD with 
the prime Conductor or an excited glaſs 
tube, a lucid atmoſphere appears about it, 
which, although it conſiſts of a feeble light, 
is yet very conſpicuous, and very well de- 
fined; at the ſame time the ball B has not 
the leaſt light. This atmoſphere does not 
exiſt all round the ball A, but reaches from 


" about 
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about the middle of it, to a ſmall diſtance 
beyond that fide of its ſurface, which is 
towards the oppoſite ball B. If the rod 
with the ball A be electrified negatively, 
then a lucid: atmoſphere, like the above- 
deſcribed, will appear upon the ball B, 
reaching from its middle to a ſmall diſtance, 
beyond that fide of it, that is towards the 
ball Azat the ſame time the negatively elec- 
trified ball A remains without any light. 


The Operator in this experiment, muſt 
be careful not to electrify the ball A too 
much, for then the electriofluid will paſs in 
a ſpark from one ball to the other, and the 
experiment will not have the deſired effect. 
A little practice, however, will render the 
operation very eaſy and familiar. The 
exhauſtion muſt alſo be moderate; for Mr. 
W:itsoNn, F. R. S. remarked, that no electric 
light would be ſeen in a vacuum made by 
means of one of Mr. SME ATON'sair- pumps, 
which rarefied the air above 2000 times. 


By this elegant oxpecienent, which is of 
the celebrated F. BRC ARIA, we have an 


ocular demonſtration of the theory of a 
ſingle 
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ſingle electrie fluid; we ſee that Electricity 
conſiſts of one uniform, homogeneous flu- 
id, and not two, vt. the vitreous, and re- 
ſinous, as ſome have ſuppoſed; for if the 
poſitive and negative Electricity were two 
diſtinct fluids, attractive of one another, 
there ſhould, in the above experiment, al- 
ways appear two atmoſpheres, 7. e. one 
about the ball A, and another about the 
ball B; for when the ball A is overcharged 
with either fluid, it ſhould ſhew that ſuper- 
fluous fluid on its ſurface, and this fluid 
ſhould attract towards the ball A, an at- 
moſphere of the contrary fluid from the 
ball B. But this, as we obſerved before, 
is not the caſe; for the appearance of the 
lucid atmoſphere” is always on one ball, 
namely, that which is overcharged with 


the electric fluid; thus, when the ball A is 


electriſied poſitively; the ſuperfluous fluid 
is viſible on that part of it which is near- 
eſt to the ball B, becauſe B, being in a con- 
trary ſtate of Electricity, endeavours to at- 
tract it; but, when the ball A is electrified 
negatively, it will attract the fluid; proper 
to the ball B, which fluid on that account 

| appear 


EIL AT RICI TV. 239 


appears upon the ſurface of B, juſt in the 
act of leaping to the ball A. 


In order to remove an error, that has. 
been adopted by ſeveral writers on Elec- 
tricity, it will be not amiſs in this chapter 
to mention, that the electric light has all 
the priſmatic colours, as well as the light 
of the ſun. This may be eaſily expe- 
rienced by viewing an cleric — 
through a glaſs ain * 5 


gee Dr. Pamanan's Hiſtory, of Elefricins 
part VIII. ſec. XIII. n. XII. 
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E EXP V 
Experiments with the Leyden Phial, 


EXPERIMENT I. 
05 charging, and 4 ſebarging a Phial in 


* 


AKE a coated jat, as D E fig. 2, 

Plate I, and place it upon the table 

near the prime Conductor, ſo that the knob 
of its wire, and that only, may be in con- 
tact with it: fix the quadrant electrometer 
E fig. 2, upon the prime Conductor, and 
then turn the winch of the machine. You 
will obſerve, that as the jar is charging, the 
index of the electrometer will riſe gradual- 
ly as far as go*, or thereabouts, and then 
reſt: when this happens, you may con- 
clude, that the jar has received its full 
charge. If now you take a diſcharging 
rod, and, holding it by the glaſs handle, 
apply firſt one of its knobs to the outſide 
coating of the jar, and then bring the other 


knob near the knob of the wire of the ja, 
or 
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or near the prime Conductor, that com- 
municates with it, you will hear a report, 
and ſee very vivid ſpatks between the diſ- 
charging rod and the conducting ſubſtan- 
ces, communicating with the ſides of the 
jar. This operation diſcharges the jar. 
If, inſtead of uſing the diſcharging rod, 
you touch the outſide of the jar with 
one hand, and bring the other hand near 
the wire of the jar, the ſame ſpark and re- 
pott will follow, but now you will feel a 
ſhock, which affects your wriſts, elbows, 
and, if ſtrong, your breaſt alſo “. If a 
number of perſons join hands, and the firſt 
of them touches the outſide of the jar, and 
the laſt touches the wire communicating 
with the inſide, they will all feel the 
ſhock, and preeſſely at the ſame per᷑ceivable 
time. This ſhock bearing no reſem- 
blance to any ſenſation otherwiſe felt, can- 
not conſequently be deſeribed; and in or- 
der that a perſon may form a juſt Ions of it, 
he muſt abſolutely feel it. 


If many perſons lay hold of a metal plate 
that communicates with the outſide of a 


»A ſhock may be given to any ſingle part of the 
body, if chat part only be brought into the circuit. 


R charged 
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charged jar, and all together do alſo holds 
metal rod with which the diſcharge i; 
made, they will all feel the ſhock ; which 
ſhews. that the diſcharge has been made 
through ſeveral circuits at once. 


The reaſon of the charging of the phil 
or jar in this experiment is, that when: 
ſuperfluous quantity of electric fluid i 
forced upon the inſide ſurface of the glaſs, 
it cauſeth an equal quantity of fluid, natu- 
rally inherent, in the glaſs, to depart from 
the oppoſite ſurface, in conſequence of the 
repulſion natural to the particles of the 
electric fluid, which repulſion is exerted 
even through the glaſs ;. one ſide, therefor: 
of the glaſs remains overcharged, and the 
other undercharged ; as ſoon, therefore, a 

the communication, between the two fide 
of the jar is compleated, the ſuperſluom 
fluid on one fide of the glaſs flies violent) 
to the other ſide, and the rapidity of its mo- 
tion occaſions the ſpark, the report, &c. 


If the coated jar be held by the vit 
communicating- with its inſide, and tit 
outſide Kine be Fee to the prime 
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Conductor, it will be charged as readily as 
in the other method, but with this differ- 
ence, that in this caſe the outſide will be 
poſitive, and the inſide negative: 


We have fuppoſed above, that the prime 
Conductor was electrified poſitively ; but if 
the experiment be repeated when the Con- 
ductor, by being connected with the rub- 
ber of the machine, is electrifled negative- 
ly, the jar would in the ſame manner be 
charged; except that in this caſe the ſide 
that touches the prime Conductor would 
be electrified negatively, and the oppoſite 
ſide poſitively. 


EXPERIMENT IL 


Ti ſhe that an il Y carinot be 
chat gee. | 


det a hated 4 upon an electrie Gol; 
connect its wire, or its outfide coating with 
the prime Conductor, and turn the winch 
of the machine. You will then obſerve, 
that the index of the quadrant electrome- 
ter, placed upon the prime Conductor, ſoon 
. R 2 riſes 
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riſes to go", ſeemingly ſhewing that the jar 
1s charged. Then remove the electric 
ſtool with the jar from the prime Conduc- 
tor, and either with a diſcharging rod, or 
with your hands, endeavour to diſcharge 
the jar, and you will find, that it is not 
charged; for no remarkable ſpark, no 
ſhock, nor any other phenomenon of 
charged glaſs, will appear. 


The reaſon why in this experiment the 
inſide of the jar could acquire no additional 
electric fluid, and, therefore the jar could 
acquire no charge, is becauſe the outſide 
could not at the ſame time part with its 
own fluid, its communication with the 
earth being cut off by the electric ſtool, 
But repeat this experiment with only this 
variation, that, by means of a chain or 
otherwiſe, the outſide of the jar be made to 
communicate with the table, and you will 
then find, that the jar will be charged; for 
in this caſe the fluid, naturally inherent in 
the outer ſurface of the jar, can readily be 
repelled through the Spain, &c. into the 
table. 


Strictly 
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Strictly ſpeaking, the jar in this experi- 
ment will acquire a very ſlight charge, 
becauſe ſome of the electric fluid belong- 
ing to its outſide will be imparted to the 
air, &C, | | 


If a jar be inſulated, and one fide of it, 
inſtead of being connected with the earth, 
be connected with the inſulated rubber, 
whilſt the other fide communicates with 
the prime Conductor, the jar will be alſo 
charged, and perhaps in a more expeditious 
manner; for whilſt the rubber exhauſts one 
ſide, the other fide is ſupplied by the prime 
Conductor. In this manner it is ſhown, 
that the jar is charged with its own fluid, 
i. e. the natural electric fluid of one of its 
ſides is, by the action of the machine, 
thrown on the other fide, 


; ExXPERIMENT III. 
The preceding Experiment diver ified. 


To make the above experiment in a 
clearer, and more ſatisfactory manner, 
place the jar upon the ſtool as before, and 
with its wire not in contact, but at about 


R 3 half 
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half an inch diſtance from the prime Con- 
ductor; hold the knob of another wire at 
ſuch a diſtance from the outſide coating of 
the jar, as the knob of the jar is from the 
prime Conductor, then let the winch of 
the machine be turned, and you will ob- 
ſerye, that whenever a ſpark comes from 
the prime Conductor to the wire of the 
Jar, another ſpark paſſes from the outſide 
coating. of the jar to the knob of the wire 
preſented towards it; which ſhews, that az 
a quantity of electric fluid is entering the 
inſide of the jar, an equal quantity of it is 
leaving the outſide. In this manner the 
jar becomes charged. 


If inſtead of the knobbed wire, a pointed 
one be preſented to the outſide of the jar, 
it will appear illuminated with a ſtar ; and 
if inſtead of preſenting any wire to the jar, 
a pointed wire be connected with its coat: 
ing, it will appear illuminated with a bruſh 
of rays (i. e. by throwing the electric fluid 
into the air), which will laſt as long as the 
jar is charging. | 


W 


"oe ELrerHIie ir r: 23} 
If the knob of another jar be preſented 
to the outſide coating of the infulated jar 
in the above experiment, it will alſo be 
charged; for the fluid, going out of the out- 
fide coating of the firſt jar, i. e. that ſtand- 
ing upon the ſtool, will go in the inſide of 
the other jar, and cauſe the fluid, inherent 
to the outſide of that jar, to depart "Rn 
its place &, 


EXPERIMENT IV. 


To ſhew that the Charge of a Far, or Glaſs 
in general, does nat refide in the Coating. 


Take a naked phial, and for a coating on 
the outſide ſtick a piece of tin-foil, with a 
little tallow or bees-wax, ſo that it can 


juſt adhere to the glaſs ; and for an inſide 


0 v3 is eaſy to 1 from this experiment, 
how ſeveral phials may be connected together, ſo that 
they may be charged all at once, with nearly the 
ſame trouble as one is charged. It muſt, however, 
be obſeryed, that when ſeyeral jars are ſo connected, 
that the inſide of one communicates with the outſide 
of another, &c. they cannot be charged ſo high, nor 
lo eaſily, as otherwiſe ; the difficulty increaſing nearly 
in proportion to the number of the jars, 
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coating uſe ſmall, leaden ſhot, or. quick- 
ſilver; laſtly, inſert . through its neck 2 
knobbed wire communicating with the ſhot 
or quickſilver.— This done, hold the phial 
thus coated by its outſide coating, and 
charge it, by preſenting its. xnobbed wire to 
the prime Conductor. When it is charg- 
ed, turn it upſide down, and let its wire 
and quickfilver, or ſhot, fall in a glaſs re- 
ceiver ; then remove its outſide coating allo, 
In this operation the phial does not loſe its 
charge, and if you examine the quickſilver 
or. ſhot, you will find that it contains no 
more Electricity than any other like con- 
ducting inſulated body, which has been in 
contact with the prime Conductor, would 
contain. Replace the outſide coating again 
upon the phial, pour the ſhot or quick- 
Hlver again into it, or any other conducting 
ſubſtance, then touch with one hand the 
outſide coating, and with the other, by 
4 introduciag a finger qr a wire, touch the 
a inſide non- electric, and you will feel 
ſmock ; which will convince you, that the 
plaſs has loſt very little of its charge by the 
operation aboye - mentioned, 


r 


The 
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The ſame experiment may be more con- 
yeniently made by laying a pane of glaſs 
upon a metal plate, and covering an equal 
part of the upper ſurface with tin-foil, 
having a filk thread faſtened to one of its 
ſides, by which it may be eaſily taken off, 
when the glaſs is charged, and as eafily re- 
placed, when required. 


EXPERIMENT V. 


To prove that the electric Fluid does not expel 8 
the Air contained in a Phial. 


Thraugh a hole made in the cork that 
ſtops a coated phial, introduce a ſmall glaſs 
tube open at both ends, and of about one 
thirtieth part of an inch in diameter; bend 
that part of the tube, that is out of the 
phial, in an horizontal ſituation, and with 
bees · wax faſten the cork ſo, that no air can 
get in or out of the phial, except it paſſes 
through the glaſs tube ; laſtly, put a ſmall 
drop of red wine, or ink, in the horizontal 
part of the tube, ſo that it may be eaſily 
moved through it, by the leaſt rarefaction 
or condenſation of the air within the phial. 


If 
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If this phial thus farniſhed be charged, 
by connecting the prime Conductor with 
its wire, the drop of liquor in the glaſ 


tube will not be ſtirred from its ſituation; 


which ſhews that the electric fluid, im- 
mitted into the phial, does not exclude any 
of the air that the phial contains. If the 
phial be diſcharged, the drop of liquor in 
the tube will be often puſhed a little out of 
its place, and afterwards return to its for- 
mer ſituation ; which ſhews, that on mak- 

ing the diſcharge, the air within the phial 
was a little diſplaced, or rareſied. This 
however is to be imputed to ſome ſpark, 
that generally happens within the cavity of 
the phial, on account that the wire is not 
in perfect contact with the n coat- 
ing“. | 


| * Having, repeated this. experiment with a ſmal 
phial, whoſe charging-piece (as we may call it) was 
a production of the inſide coating, (which was of one 
piece of tin-foil, ſtuck to the glaſs with bees-wax, in 
conſequence of which no ſpark could happen within 
the phial) I found that the drop of liquor in the glals 
tube was not ſtirred, either in charging or diſcharg: 
ing the phial. 


I. 


— 
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ExPERIMENT VL 


The Courſe of the eleftric Fluid in the Diſcharge 
rendered viſible by the Star and Pencil, 


When a jar is charged, take a diſcharg- 
ing rod having its ends pointed, 7. e. the 
diſcharging rod repreſented in fig. 10. 
Plate I. without its knobs, and keep it as 
repreſented, fig. 11. that is, in ſuch a ſitu- 
ation, that one of its points C may be at 
about one inch diſtance from the knob A, 
and the other point B at an equal diſtance 
from the outſide coating of the jar; by 
theſe means the jar will be diſcharged 
ſilently; and if its inſide be electrified po- 
ſitively, you will ſee, that the point C of 
the diſcharging rod is illuminated with a 
ſtar, and the point B with a pencil; be- 
cauſe, in this caſe, the electric fluid, going 
from the inſide to the outſide of the jar, en- 
ters the point C, aud iſſues from the point 
B. But if the jar is electrified negatively 
on the inſide, and conſequently poſitive on 
the outſide, then the pencil of rays; will 
appear upon the point C, and the ſtar upon 
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the point B; for in this caſe the electric 
fluid paſſes from the outſide to the inſide of 
the jar, 


N. B. This experiment, as well as any 
other, in which the electric light is to be 


obſerved, requires to be made in the dark. 


EXPERIMENT VII. 


The Courſe of the electric Fluid in the Diſ 
charge fhewn by the Flame of a Max- 
| rape r. | 


Remove the circular piece of 'wood F 
from 'the univerſal diſcharger, repreſented 
fig. 5. Plate I. Fix the wires D B, DC, 
ſo that their knobs D D may be about two 
inches diſtance from one another ; and upon 
the ſocket F fix a piece of wax-taper lighted, 
ſo that.its flame may be juſt in the middle, 
between the knobs D D. Having diſpoſed 
the apparatus in this manner, if you con- 
ne, by means of a chain or otherwiſe, the 
ourſide of a charged jar with one of the 
wires C, and bring the knob of the jar to 


the other wire C, you will obſerve, that on 


making 
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making the diſcharge, which muſt paſs 
between the knobs D D, the flame of the 
wax-taper is always driven in the direction 
of the electric fluid; that is, it will be 
blown upon the knob of that wire, which 
communicates with that fide of the Jar 
which is negatively electrified. 


In this experiment, the jar muſt have an 
exceeding ſmall charge, juſt ſufficient” to 
paſs through the interval in the circuit; 
which experience will preſently determine; 
otherwiſe the experiment will not ſucceed, 


or be perhaps FONG equivocal *. 


If it be aſked, Why this experiment does not ſuc- 
ceed with a great exploſion as well as with a very ſmall 
one? the anſwer is, that when a jar highly charged, is 
brought near one of the wires of the univerſal diſ- 
charger, it creates an atmoſphere about the knob of the 
laid wire, which atmoſphere. diſturbs the flame of the 
wax taper, before the actual diſcharge » beſides, the 
electric fluid in a great exploſion, by its elaſtic nature 
paſſes through the flame of the wax-taper too ſwiftly 
to communicate to it any viſible motion; in the ſame 
manner as a bullet, diſcharged from a piſtol againſt 


an open door, makes a hole through the door without 
thutting it. | 


ExXPERIMENT 
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ExyzRi M E 1 T VIII. 


The Courſe of. the electric F luid in the Dij- 
charge, rendered conſpicuous by the Matin: 
communicated to a Pith Ball. 


Bend a card, length-ways, over a round 
ruler, fo as to form a channel; or ſemicir- 
cular groove * : lay this card upon the cir- 
cular board E of the: univerſal diſcharger, 
repreſented fig. 5, of Plate I. and in the 
middle of it put a pith-ball of about half 
an inch diameter; then at equal diſtances, 
about half or three quarters of an inch 
from the pith- -ball; lay the tw6'bfaſs knobs 
DD. The card being perfectly dry, and 


rather hot, if you connect, by means of 2 


chain or otherwiſe; the outſide of a charged 
jar with one of the wites C, and bring the 
knob of the jar ta the other wire C, you 


Inſtead of the card; a piece of baked wood may be 
cut in that ſhape, and painted over with lamp- black 
and oil; which will anſwer better than the card, it 
being much more ſteady, and not ſo liable to attract 


moiſture. 
7s will 
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will obſerve, that on making the diſcharge; 
which muſt paſs between the knobs D D, 
and over the card, &. the pith-ball is al- 
ways driven in the direction of the electric 
fluid; z. e. it is puſhed towards that knob 
which communicates. with the negative fide 
of the jar. 


It muſt be obſerved, that in this experi- 
ment the charge of the jar muſt be juſt ſuf- 
ficient to paſs through the interval. in the 
circuit ; the card, or piece of baked wood, 
muſt be very dry and clean; and, in ſhort, 
the diſpoſition of the apparatus, and the 
performance of this curious experiment, 
require a degree of nicety that can only be 
obtained by practice. Without great pre- 
caution, it ſometimes fails; but when the 
operator has once got it to ſucceed, and 
follows exactly the ſame method of opera- 
tion, he may be ſure that the event of the 
experiment will be conſtantly as above- 
deſcribed. SY 
1112808 £ $-UG1 % gd 202 290011 nl 


2215 | EXPERIMENT 


i 3 


„ 9 
: be SY IM 
= 0 * * _—_ Kr Pl Ln N = RR * = 8 


255 4 ComPreT? Thtarist 


el 
ExX?ERIMENT TX. . 
The Leyden Vacuum. ſ 
as 
Fig. 8 and 9. of Plate I. repreſent a ſmall IS 
phial coated on the outſide about three to 
inches up the ſides with tin-foil ; at the th 
top of the neck of this phial, a braſs cap is pe 
cemented, having a- hole with a valve, and an 
from the cap a wire proceeds a few inches be 
within the phial, terminating in a blunt fie 
point. When this phial is exhauſted of air, in 
a braſs ball is ſcrewed upon the braſs cap, yet 
ſo as to defend the valve, and prevent any air 
from getting into the exhauſted glaſs *. This | 
phial exhibits clearly the direction of the tog 
electric fluid, both in charging and diſchary- nar 
ing ; for if it be held by its bottom, and its ch 


braſs knob be preſented to the prime Conduc- 
tor poſitively electriffed, you will ſee that the 
oa © oh | ) WAS 


* The inſide of this phial requires no coating, be- 
cauſe, as the electric fluid pervades vacuum, it can pb 
freely from the wire to the ſurface of the exhauſted 
glaſs, without the help of a non- electric coating. 


TASMIS electric 
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cleric fluid cauſeth the pencil of rays to 
proceed from the wire within the phial, as 
repreſented fig. 9. and if it is diſcharged, a 
ſtar will appear in the place of the pencil, 
as repreſented in fig. 8. But if the ph 
is held by the braſs cap, and its bottom 
touched with the prime Conductor, then 
the point of the wire, on its infide, will ap- 


pear illuminated with a ſtar when charging, 


and with a pencil when diſcharging, - If it 
be preſented to a prime Conductor electri- 
fied negatively, all theſe appearances, both 
in charging and diſcharging, wilt be. re- 
verſed. | 75 


This experiment of the Leyden vacuum, 
together with the two preceding ones, 
namely the ſeventh and eighth of this 
chapter, are inventions of Mr. HEN. 


* 
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EXPERIMENT X. 


\-To pierce. a Card, and other Subſtances, uit 
the electrie Expigſion. 


Take a card, a quire of paper, or the 
cover of a book, and keep it cloſe to the 
outſide coating of a charged jar; put one 
'knob of the diſcharging rod upon the card, 
"quire of paper, &c. ſo that between the 
knob and coating of the jar, the thickneſ 
of that card, or quire of paper only is in- 
terpoſed ; laſtly, by bringing the other 
knob of the diſcharging rod near the knob 
of the jar, make the diſcharge ; and th 
electrie matter ruſhing through the circuit 
from the poſitive to the negative ſurface d 
the jar, will pierce a hole (or perhaps ſeve. 
ral) quite through the card, or quite d 
paper . This hole has a bur raiſed 0: 


The hole, or holes, are larger or ſmaller, according 

as the card, &c. is more damp or mote dry. It is x- 

-markable, that if the noſtrils are preſented to it, the) 
will be affected with a ſulphureous, or rather a pho 

. phoreal ſmel], * like that produced by an excits 


Electric. k 
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each ſide, except the card, &c. be preſſed 
hard between the diſcharging rod and the 
jar; which ſhows that the hole is not made 
in the direction of the paſſage of the fluid, 


but in every direction from the center of 
the reſiſting body. 


If this experiment be made with two 
cards inſtead of one, which however muſt 
be kept very little diſtant from one ano- 
ther &, each of the cards, after the explo- 
fon, will be found pierced with one or 
more holes, and each hole will have burs 
on both ſurfaces of each card. 


If, inſtead of paper, a very thin plate of 
glaſs, roſin, ſealing-wax, or the like, be in- 
terpoſed between the knob of the diſcharg- 
ing rod, and the outſide coating of the jar, 
on making the diſcharge, this will be 
broken in ſeveral pieces. 


Small inſects may alſo be killed in this 
manner; they may be held between the 


* This may be eaſily effected by bending one of 
the cards a little. 


S 2 outſide 
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outſide coating of the jar, and the knob of 
the diſcharging rod, like the above card; 
and a ſhock of a common phial ſent 
through them, will inſtantly deprive them 
of life, if they are pretty ſmall ; but if 
larger, they will be affected in ſuch a man- 
ner, as to appear quite dead on firſt re- 
ceiving the ſtroke, but will, after ſome 
time, recover: this, however, depends on 
the quantity of the charge ſent through 
then. | Þ 


If a ſhock is ſent through a lump of 
white ſugar, ſtrong enough to break the 
ſugar, the ſhock will i]luminate every piece 
of it, ſo as to afford a beautiful experi- 
ment in the dark. — The ſugar will give 
light for about a minute afterwards. 


EXPERIMENT XI. 


To ſhew the Effect of the Shock fent over Ile 
: Surface of a Card or other Subiſtances. 
* 


Put the extremities of two wires upon 
the ſurface of a card, or other body of an 


electric nature, ſo that they may be in 
* ; . 2 


{ 
| 
c 
| 
f 
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one direction, and about one inch. diſ- 
tance from-one another ; then, by connect» 
ing one of the wires with the outſide of a 

charged jar, and the other wire with the 
knob of the jar, the ſhock will be made to 
paſs over the card or other body. 


If the card be made very dry, the lucid 
track between the wires will be viſible upon 
the card for a conſiderable time after the 
exploſion.,, If a piece of common writing» 
paper be uſed inſtead of the card, it will be 
torn by the exploſion into very ſmall] 
bits. 


If inſtead of the card, the exploſion is 
ſent over the ſurface of a piece of glaſs, 
this will be marked with an indelible track, 
which generally reaches from the extre- 
mity of one of the wires to the extremity 
of the other. In this manner the piece of 
glaſs is very ſeldom. broken by the explo- 
hon, , But Mr. HNL has diſcoyered a 
very remarkable method to increaſe the 
efte&t of the exploſion upon the glaſs ; 
which is by preſſing with weights that part 
of ts glaſs, which lies between the two 


8 3 wires, 
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wires, (f. e, that part, over which the 
ſhock is to paſs). He puts firſt a thick 
piece of ivory upon the glaſs, and places 
upon that ivory a weight at pleafure, 
from one quarter of an ounce, to fix 
pounds: The glafs in this manner is gene- 
rally broken by the exploſion into innu- 
merable fragments, and ſome of it is abſo- 
lately reduced inte an impalpable powder. 
If the glaſs is very thick, and reſiſts the 
force of the exploſion, ſo as not to be 
broken by it, it will be found marked with 
the moſt lively prifmatic colours, which 
are occaſioned by very thin laminæ of the 
glaſs, in part ſeparated from it by the 
ſhock, The weight laid upon the glas 
is always ſhook by the exploſion, and fome- 
times it is thrown quite off from the 
ivory*, This experiment may be mol 
conveniently made with the univerſal diſ- 
charger. F 1g. 5. of Plate I. 


If ſmall repreſentations of houſes, &c. be lad 
upon a board, placed on the piece of ivory; that, be- 
Ing ſheok-by the exploſion will give a very naturl 
idea, of an eatthquake. 


ExP 1* 


cl 
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EXPERIMENT XII, 


To ſhew the Direction of the electric Fluid in 
the Diſcharge, by cauſing the Shock to go 
over the Surface of a Card. 


Diſpoſe the apparatus in the manner de- 
ſcribed in the preceding experiment, but 
with this difference, that inſtead of laying 
the extremities of both wires upon the 
fame ſide of the card, one of them be 
placed under the card ; then fend a ſhock 
through the ſaid wires, as in the preceding 
experiment, and you will obſerve, that the 
electric fluid will run over that ſurface: of 
the card, upon which lies the extremity of 
that wire, which is connected with the po- 
fitive fide of the jar; and in order to pats 
to the extremity of the other wire, it will 
break a hole through the card juſt over the 
extremity of that wire, which is. connected 
with the negative fide of the jar. 


This excellent experiment, which ſhows 
the direction of the electric fluid in the diſ- 
charge of a jar, is a diſcovery of Mr. Lu- 


LIN of Geneva, 
| S 4 N. B. 
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N. B. With very large jars, this experi. 
ment has been obſerved to pierce ſeveral 

holes, and in ſuch manner as to render the 


experiment not ſatisfactory, U 


r 
| EXPERIMENT XII. 


To foal the Clay, and break ſmall Tubes with 
| the electric Exploſion. 


- Roll up a piece of ſoft tobacco · pipe clay 
in a ſmall cylinder C D :fig.-4. Plate II. 
and inſert in it two wires A, B, ſo that theit 
ends within the clay may be about a fifth 
part of an inch from one another. If a 
ſhock be+ ſent through this clay, by con- 
necting one of the wires A, or B with the 
outſide of a charged jar, and the other with 
the infide, it will be inflated by the ſhock, 
7, e. by the ſpark, that paſſes between the 
two wires, and after the exploſion will ap- 
pear as repreſented fig. 5. If the ſhock 
ſent through it is too ſtrong, and the clay 
not very moiſt, it will be broken by the ex- 
ploſion, and its ew ts W in my 
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To make this experiment with à little 
variation, take a piece of the tube of a to- 
bacco- pipe, about one inch long, and fill 
its bore with moiſt clay, then inſert in it 
two wires, as in the above rolled clay, and 
ſend a ſhock through it. This tube will 
not fail to burſt by the force of the explo- 
fion, and its fragments will be ſcattered 
about to a great diſtance, *' | 


If inſtead. of clay, the abave-mentioned 
tube of the tobacco pipe, or -a glaſs tube, 
(which will anſwer as well) be filled with 
any other ſubſtance, either electric or non- 
electric, inferior to metal, on mabing the 
diſcharge, it will be broken in n with 
RI the ſame force. f E 


This experiment is the i invention of Me, |; 
on, F KS: 


EIA NIV. We 


Ts ſhow, thi Courſe of the electrit 2509 
. thy ſpontantotis Diſcharge. 


+ Take a coated phial of a 8 
V the naked part of it, i. 6 fm Us out- 
ade 
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fide coating to the cork, is very dry, 
breathe upon it onee or twice, ſo as to ren. 
der it lightly damp; then holding the 
phial by its outſide coating, preſent its 
knob to the prime Conductor, while the 
machine 1s in action, and you will ſee, that 
after the pinal has received a ſmall charge, 
t beautiful bruſl» of rays will proceed from 
the cork, which, after going a little way 
into the air, turns its courſe” towards the 
outfide coating of the phial, IF the phial, 
inſtead of the prime Conductor, be pre- 
ſented to the inſulated rubber, then the 
brufh, inſtead of proceeding from the cork, 
will iſfue from the outſide coating, and di- 
rect᷑ its courſe towards the cork or wire of 
the phial ; ſhowing beyond a doubt the 
truth of the 8 of a ſingle electric 
fluid; 


This experiment, which is of Mr, Hzx- 
LY, requires a nicety of operation, with- 
out which it will not ſucceed. as above de- 
ſcribed. The quantity of moiſture upon 
the phial, and the quantity of Electricity 
TG by the machine, muſt be of 

| a degree, 


1. 


>» 3 
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a degree, which 7 but pes can 
determine. 


ine >; 8 
To make the eleftric Spark viſible in N. ater. 


Fill a glaſs tube of about half an inch 
diameter, and fix inches long, with water, 
| and to each extremity- of the tube adapt 
a cork, which may confine” the water; 
through each cork inſert a blunt wire, fo 
that the extremities of the wires within the 
tube may be very near one another; laſtly, 
connect one of theſe wires with the coating 
of a ſmall charged phial, and touch the 
other wire with the knob of it; by which 
means the ſhock wilt paſs through the 
wires, and cauſe a vivid fpark to appear be- 
tween their extremities within the tube. 
In performing this experiment care muſt 
be taken, that the charge be exceedingly 
weak, otherwiſe the tube will burſt. 


C fig. 14. Plate II. repreſents à com- 
mon drinking-glaſs almoſt full of water. 
AB are two knobbed wires ſo bent, that 

their 


— 
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their knobs may be within a little diſtance 
of one another in the water. If one of 


theſe wires be connected with the outſide 


coating of a pretty large jar, and the other 
wire be touched with the knob of it; the 
exploſion which muſt paſs. through the 
water from the knob of one of the wire: 
to that of the other, will diſperſe the 
water, and break the glaſs with a ſurpriſing 
violence. This experiment is very danger- 
ous, if not conducted with great caution. 
Cv bs * 4 

F, Beccara conſtructed a ſmall mor- 
tar, into which a drop of water was put, 
between the extremities of two | wires 
which went through the ſides of the mor- 
tar, and a wooden ball was applied over the 
drop. of water ; then a charged jar being 
diſcharged through the wires of the mor- 


_ tar, and conſequently through the drop of 


3 t, rarefied the latter, and drove the ball 

ut with conſiderable force. Mr. Lor- 
LIN produced a greater effect by making 
the diſcharge through oil inſtead of water. 


Difertatio Phyfica, p. 26. 
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ExXPERIMENT XVI. 


To prove that the electric Spark diſplaces 
and rarefies the Air, | 


Fig. 3. Plate II. repreſents an inftrue 
ment, which the inventor, Mr. KIXNER- 
sI Ex, calls the electrical Air Thermometer, _ 
it being very uſeful to obſerve the effects of 
the electric exploſion upon air. The body 
of this thermometer conſiſts of a glafs 
tube A B, about ten inches long, and nearly 
two inches diameter, and cloſed air-tight 
at both ends by two braſs caps, Through 
4 hole in the upper cap, a ſmall tube H A, 
open at both ends, is introduced in ſome 
water at the bottom B of the large tube. 
Through the middle of each of the braſs 
caps, a wire F G, E is introduced, having 
a braſs knob within the glaſs tube, and by 
fliding through the caps, they may be ſet 
at any diſtance from one another. This 
inſtrument ji is, by a braſs ring C, faſtened 
to the pillar of the wooden ſtand C D, that 
ſupports it. When the air within the 

5 ORE tube 
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tube A B is rarefied, it will preſs upon th: 
water at the bottom of the tube, which 
will conſequently riſe in the cavity of the 
ſmall tube; and as this water riſes higher or 
lower, ſo it ſhows the greater or leſs rare- 
faction of the air within the tube AB, 
which has no communication with the ex- 
ternal air. 


If the water, when this inſtrument is to 
be uſed, is all at the bottom of the large 
tube, (i. e. none of it is in the cavity of the 
{mall tube) it will be proper to blow with 
the mouth into the ſmall tube, and thus 
cauſe the water to riſe a little in it; 


where, for better regulation, a mark may 
be fixed. | 


Bring the knobs GI of the wires IF, 
F G into contact with one another, then 
connect the ring E, or F with one fide of 
a charged jar, and the other ring with the 
other fide, by which operation a ſhock will 
be made to paſs through the wires F G, 
IE, 7. e. between the knobs E I. In 
this caſe you will obſerve, that the water 


in the ſmall tube is not at all moved from 
6 g | -. the 


of ELECTRICTT'Y.: yt 
the mark; which ſhows, that the paſſage 
of the electric fluid through Conductors 
ſufficiently large, occaſions no rarefaction, 
nor diſplaces the air about them. 


Put the knobs G, I a little diſtant from 
one another, and ſend a ſhock through 
them as before, and you will ſee that the 
ſpark between the two knobs, not only diſ- 
places, but rarefies conſiderably the air; 
for the water will be ſuddenly puſhed al- 
moſt to the top of the ſmall tube, and im- 
mediately it will ſubſide a little, as for 
inſtance as far as H; which is occaſioned 
by the ſudden diſplacing” and replacing of 
the air about the place, where the "ſpark 
appeared within the tube A B. After that 
the water has ſubſided ſuddenly from the 
firſt riſing, it will then gradually and flow- 
ly come down to the mark at which it 
ſtood before the exploſion ; which is the 
effect of the air that was rarefied, . and 


which gradually returns to its former tem- 
perature, | 


If this experiment be made in a room, 
Where the of heat is variable, then 


Pr oper 
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proper allowanee muſt be made for. this 


circumſtance, in eſtimating the event of the 
experiment; for the electrical air thermo- 
meter is affected by heat, or. eold in gene- 
| ral, as well as . n cauſed by an ant 
ſpark. | | 


Exrzzin ENT XVII. 
To fire Gun-powder. 


Make a ſmall cartridge of paper, and fill 
it with gun-powder, or elſe fill the tube 
of a_ quill with it; inſert two wires, one 
at each extremity, ſo that their ends with- 
in the quill, or cartridge, may be about 
one fifth of an inch from one another; 
this done, ſend the charge of a phil 
through the wires, and the ſpark between 
their extremities, that are within the cars 
tridge, or quill, will ſet fire to the gun- 
powder, If the gun-powder be mixes 
with ſteel-filings, it will take fire more 
readily, and with a very ſmall ſhock. 


Exers 


EXPERIMENT XVIII. 


Take a wire of the ſize of 4 common 
knitting-needle, and by means of à ſmall 
flexible wire of a chain, let one end of it 
communicate with the outſide of a jar, 
that at leaſt contains about 10 inches of 
coated ſurface. To the other end of the 
thick wire ſome cotton muſt be twiſted, 
but very looſely; ſo as to form a head 
round, and to conceal the extremity of the 
vire entirely. This -head of cotton muſt 
be rolled in powder of lycopodium, or, 
which anſwers better, in powder of ro- 
in; by which means a good deal of the 
powder will ſtick to tlie cotton: — this 


ne, the jar is charged; and then the head 


of cotton, &c; is brought towards its 

knob rather quickly, ſo as to cauſe the 
Wc to diſcharge” through the cotton, by 
bich means the cotton willi be inſtantly 

ſet on fire, and will laſt long enough to 
ebt a candle thereby. — This is a very 
ag experiment, contrived 90 Dr. Iu- 
CENHOUSZ; 


* 
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To light a Candi by the diſcharge of Jar. 


* 
= 
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glaſs about three inches long, and half a 


or even be affected by the common met 
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EXPERIMENT XIX. 


To frike Metal into Glaſs. 


Take two Gips of common windoys 


inch wide 3 put a ſmall flip of gold, flyer 


a1 
or braſs: leaf, between them, and tie then 1 
together, or elſe preſs, them together be- be 
twern the boards of the preſs H, belong: eve 
ang to the univerſal diſcharger, fig. 5 be 
Plate I. leaving a little of the metallic le ſta 
out between the glaſſes at each end; tha the 
fend à ſhock through this metallic la, tea 
and the force of the exploſion will dai ſtai 
part of the metal into ſo cloſe a contat mig 


with the glaſs, that it cannot be wiped pap 


ſtrua, which otherwiſe would diſſolve it. 1 

* a ſp: 
In aries the plas are cin | link 
ee 10 pieces 3 but whether they *f ſhoe 
broken or not, the indelible metallic tig illun 
will always be found in ſeveral places, wi that 
ſometimes through the whole length aa 
both chai 
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\ EXPERIMENT XX. 


To ſlain the Paper, or Glaſs. 


Lay a chain, which forms a part of the 
circuit between the two ſides of a charged 
jar, upon a ſheet of white paper, and if 
a ſhock. be ſent. through it, the paper will 
be found ſtained with, a blackiſh tinge at 
every juncture of the links. If the charge 
be very large, the paper, inſtead of being 
ſtained with ſpots, is burnt through. If 
the chain be laid upon a pane of glaſs, in- 
ſtead of paper, the glaſs will often be found 
ſtained with ſpots in ſeveral places, but (as 
might be expected) not ſo deep as the 
paper. d WENT: | 


If this experiment- be made in the dark, 
a ſpark will be ſeen at every juncture of the 
links; and if the links are ſmall; and the 
ſhock pretty ſtrong, the chain will appear 
illuminated like a line of fire; which ſhows 
that the electrical fluid meets with ſome 
reſiſtance in paſſing from one link of the 
chain to another. 1 


T 2 ExPE- 
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EXPERIMENT XXI. bet 
The lateral Exploſion. 1 


If a jar be diſcharged with a diſcharging wil 
rod that has no electric handle, the hand of - 
that holds it, in making the diſcharge, pea 
feels ſome kind of ſhock, eſpecially when 
the charge is conſiderable. ——In other 


words: A perſon, or any conducting ſub- con 
ſtance, that is connected with one ſide of: met 
Jar, but forms no part of the circuit, vil 
feel a kind of ſhock, i. e. ſome effect of the , 
"diſcharge. This may be rendered viſible the 
in the following manner. Connect with rod, 
the outſide of a charged jar a piece af may 
chain; then diſcharge the jar through of t 
another circuit, as for inſtance, with a diſ- of i 
charging rod in the common way, and the or ſe 
chain that communicates with the outſide in b 
of the jar, and which makes no part of thc ble, 
circuit, will appear lucid in the dark, i.. cone 
ſparks will appear between the links, inge 
which ſhews that the electric fluid natural chai 
to that chain, muſt by ſome means hate rod, 
| os * been of th 
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been diſturbed. This chain will alſo ap- 
pear luminous, if it is not in contact with 
the outſide of the jar, but only very near 
it; and on making the diſcharge, a ſpark 
will be ſeen between the jar and the end 
of the chain near it. This electrieal ap- 
pearance out of the circuit of a diſcharging 
jar is that which we. call the Aareral Ex 
plofion : and to make it appear in the moſt 
conſpicuous manner, obſerve the following 
method, which is of Dr. PRIESTLE TW. 


When a jar is charged, and ſtands, upen 
the table as uſual, inſulate a thick metallic 
rod; and place it ſo that one of its ends 
may be contiguous to the outſide coating 
of the jar and within about half an inch 
of its other end, place a body of about fix 
or ſeven feet in length, and a few inches 
in breadth 3: then put a chain upon the ta- 
ble; ſo that one of its ends may be about 
one inch and à half diſtant from the coat- 
ing of the jar; at the other end of the 
chain apply one knob of the diſcharging 
rod, and bring the other knob to the wire 
of the jar in order to make the exploſion. 
On making the diſcharge in this manner, 
„  R_ 


278 A ComPLETE TREATISE 
a ſtrong ſpark will be ſeen between the 
inſulated rod, which communicates with 
the coating of the jar, and the body near 
its extremity, which ſpark does not alter 
the ſtate of that body in reſpe& to Elec- 
tricity z hence it is imagined, that this la- 
teral ſpatk flies from the coating of the 
jar, and returns to it at the ſame inſtant, 
allowing no ' perceptible ſpace of time, in 
which an electrometer can be affected. 
Whether this lateral exploſion 1s received 
on flat and ſmooth ſurfaces, or upon ſharp 
points, the ſpark is always equally long 
and vivid. | 


The cauſe of this phenomenon ſeems to 
be the interruption in the circuit, made by 
introducing bad Conductors into it; for, 
as this interruption is greater or leſs, ſo 


the lateral exploſion is more or leſs con- 
ſiderable. 


CHAP 


— 
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CHAP. VIII. 


Experiments with other charged Electrics. 


HAT the experiments made with 

other charged electrics are fimilar 
to thoſe made with charged glaſs, is very 
evident : ſince it has been obſerved above 
in the Firſt Part, and alſo in the experi- 
ments already deſcribed, that the property 
of being charged, of exploding, &c. is not 
inherent in glaſs, as glaſs, but, as being 
impervious to the electric fluid; and in 
conſequence, it muſt be common to all 
ſuch ſubſtances, - which, like glaſs, are im- 
pervious to that fluid: therefore, under 
the title of experiments with other elec- 
trics, I mean to deſcribe experiments, not 
of a different nature from the above - men- 
tioned, but only the manner of coating 
and uſing other electrics, which are not 
ſo manageable as glaſs, but at the ſame 
time, have ſome peculiar advantages. Theſe 
methods I ſhall reduce to three, i. e. firſt. 
that of making the noble experiment of 
| T 4 charging 
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charging a plate of air; ſecondly, the me- 
thod of coating reſinous ſubſtances; and 
laſtly, a method of trying other elecrics, 
that are in a fluid ſtate, 


EXPERIMENT I. 
To charge a Plate of Air. 


Take two ſmooth circular boards, quite 


plain, and each about three or four feet 


in diameter; coat one ſide of each with tin- 
foil, which ſhould be paſted down, and 
burniſhed, and turned over the edge of the 
board. Theſe boards muſt be both inſu- 
lated, parallel to one another, in an hori- 
zontal poſition ; they muſt be turned with 
their coated fides towards each other, and 
ſhould be placed in fuch a manner as to be 
caſily removed to or from each other; to 
do which, it will be proper to fix to one 
of the boards a ſtrong ſupporter, of glaſs 
or baked wood, and to ſuſpend the other 
by filk ſtrings from the cieling of the 
room; from which, by a proper pulley, it 
may be lowered 07 raiſed, ſo as to be at any 
diſtance required from the lower board, 
which may be placed upon the table. 

= | When 


th 
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When theſe boards are placed in the 


manner above deſcribed, and at about one 
iach diſtance from one another, they may 
be uſed exactly as the two coatings of a 
pane of glaſs. If one of the boards is con- 
nected with the electrified prime Conduc- 
tor, and the other be left inſulated, they 
will receive no charge, agreeable to the ſe- 
cond experiment of the preceding chapter; 
and if after ſome time you touch them, you 
will receive only a ſpark from the upper 
board, in conſequence of its being con- 
need with the electrified prime Conduc- 
tor. If, whilſt one of the boards is receiv- 
ing Electricity, the other communicates 
with the earth, then the plate of air be- 
tween them will be charged, like a coated 
plate of glaſs; for that board which com- 
municates with the earth will acquire an 
Electricity contrary to that of the other 
board; and if you touch them, i. e. make a 
communication between them, they will 
explode, give the ſhock, &c. ſimilar to a 
charged jar, 


In this experiment it cannot be expected, 
that ſuch an exploſion, and with ſuch a 
force, 


* 1 9 
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force, will be produced, as by an equal ſur. 
face of coated glaſs ; for here the coatings 
cannot be brought ſo near one another as to 
render them capable of a high charge, be- 
cauſe the plate of air, being much leſs com- 
pact than glaſs, may be eaſily broken by the 
force of the charge, i. e. it may eaſily diſ- 
charge itſelf. Notwithſtanding, however, 
that a plate of air is not capable of receiy- 
ing a very high charge, yet this experiment 
has a great advantage, which is, that here 
we may ſee what preſſes between the two 
coatings, either in charging or diſcharging 
the plate of air; and we may introduce ſe- 
yeral things into the ſubſtance of this 
coated electric, which produce ſeveral re- 
markable appearances. By this experi- 


ment the true ſtate of the earth, when 


covered by electrified clouds, may be re- 
preſented exceedingly well; and ſeveral 
meteors, that happen in that ſtate, and 
which are thought to be effects of Elec- 
tricity, may be imitated ; ſuch as water- 
ſpouts and whirlwinds, beſides the well- 


known electrical phenomena, thunder and 
lightning. 


In 
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In order to repreſent a water-ſpout, as it 
is often obſerved at ſea, place the two 
boards at about two inches diſtance from 
one another; put a large drop of water 
about the middle of the loweſt of them, 
and fix a metallic ball, or any other piece of 
metal that is ſomewhat ſpherical * to the 
upper board, juſt oppoſite to, and at about 
half an inch diſtance from the ſurface of the 
water. If in this fituation the upper board 
be electrified, whilſt the lower communi- 
cates with the earth, the water, which re- 
preſents the ſea, will be attracted by the 
metallic ball, which repreſents a cloud, 
and riſing nearly in a conical body, will af- 
ford a pretty good repreſentation. of the 
water-{pout . 


The 


* The metallic covering of ſome kind of coat- 
buttons anſwers exceedingly well, and may be paſted 
on the tin - foil coating of the board. 

The knob of a charged hottle, being brought near 
the water in a metal plate, or common earthen-ware 
ſaucer, ſhows this experiment in a ſimple and beauti- 
ful manner, If a large drop of water be placed upon 
the knob of an inſulated charged bottle, and the knob 
of another bottle, charged with the contrary Electri- 
city, be brought near the drop of water, it will be 

ſquirted 
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The appearance of a whirlwind is hut 
ſeldom, and by chance to be obſerved. 
The bran between the two plates F, P, fig. 
2, Plate I. is often whirled like the duſt in 
a whirlwind ; but there 1 15 no certain rule, 
that I know, for prodiicing this pheno- 
menon. © * 


In order to ſucceed in this experiment, 
Mr. BEcxteT directs to place the boards 
above-mentioned about four or five inches 
aſunder, and to put ſome bran, and very 
ſmall bits of paper about the center of the 
lower board. If in this ſituation the up- 

per board be connected with the electrified 
prime Conductor, and the lower be either 
connected with the ground or with the 
rubber of the machine, the bran, and bits 
of paper will be attracted and repelled, 
alternately, by the boards. But (ſays 
* Mr. Brckrr *) the moſt ſurprizing ap- 
*« pearance in this experiment, and what 
gives it the moſt exact reſemblance of a 


ſquirted away in a curious manner, particularly if the 
coating of the inſulated bottle. be touched at the ſame 
time. 
In his Eſſay 0 on EleGtiity, p. 141. 

ce whirl- 
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« whirlwind, is that ſometimes, when the 
« Electricity is very ſtrong, a quantity of 
« the paper and bran will accumulate in 
« one place, forming a kind of column 
« between the boards, and ſuddenly ac- 
« quire a ſiyift horizontal motion, moving 
« like a whirling pillar to the edge of the 
* boards, and from thence fly off, and be 
*« ſcattered about the room to a conſider- 
«© able diſtance. I own I am entirely at a 
«loſs to account for this extraordinary ap- 
« peatance—T call it extraordinary, be- 
cauſe: it but ſeldom occurs, and ſeems to 
depend either on a certain degree of at- 
traction, quantity of the bran, or diſ- 
* tance between the boards; and I could 
« ſeldom get it to ſucceed perfectly but by 
* accident.” 


The phenomena of thunder and light- 
ning are exhibited at the ſame time by a 
ſpontaneous diſcharge of the plate of air; 
which may be eaſily produced by ſetting 
the boards at about an. inch diſtance from 
each other, and electrifying them ſtrongly. 


ExPERIMENT 
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EXPERIMENT II. 
To coat reſinous Eleftrics. 


The beſt method to coat ſuch electrics as 
roſin, ſealing-wax, &c. that can eaſily be 
melted, is firſt to put a circular piece of 
tin- foil, about two inches leſs in diameter 
than the plate you intend to make, upon a 
marble table; then, to pour over -it the 
electrie juſt melted. This may be ſpread 
and: flattened by preſſing it with a pane of 
glaſs, or any thing that is even and 
ſmooth ; afterwards, another piece of tin- 
foil, equal to the former, is to be ſtuck 
upon the electric, which may be done by 
preſſing it gently with a hot iron ; and 
then the plate, which may be eaſily ſepa- 
rated from the marble table, will be fit for 


uſe. 
EXPERIM ENT III. 
To inſulate fluid Electrics. 


Take a large earthen diſh, flat at the 


bottom, and ſtick within it a piece of tin- 
foil 
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foil about an inch ſhorter than the flat 
part of the diſh all around, and through a 
{mall hole, made in the bottom of the 
diſh, introduce a ſlender wire, which muſt 
communicate with the tin - foil; then pour 
into the diſh ſome melted tallow, or other 
electrie ſubſtances that you defire to try; 
laſtly, let a round braſs plate *, equal to 
the tin- foil ſtuck in the diſh, and either 
proceeding from a glaſs arm or from the 
prime Conductor, juſt touch the ſurface of 
the electric in the diſh, and let it ſtand pa- 
rallel, and oppoſite to the tin- foil ſtuck in 
its bottom. In this manner the plate of 
liquid electric is coated, and may be eaſily 
ſubjected to experiments. 


Plates of other conſiſtent electries, that 
cannot caſily be melted; may be coated in 
the ſame manner as a plate of glaſs; and 
ſome of them will be found to anſwer as 
well, if not better than glaſs. 


* The braſs plate P, fig. 2. of Plate I. may be very 
uſeful for this purpoſe. | 


CHAP. 


288 A CourrETIZ TREAT38E 


CHAP. IX. 


Experiments, on the Influence of Points, and 
the Uſe efulneſs of pointed metallic Conduc- 


tors, to defend. OW 1 65 "Pe of \ 
e 201 wo! 


1 


Y art . in the eos of his 5 5 5 ing 
muſt, haye obſerved 3 in ſeyeral of the hed 
experiments already deſcribed, the remark- wit 
able property that points have, both of dudl 
throwing off and receiving. filently the elec- 
tric fluid; but in this, chapter I ſhall de- 
ſcribe ſome more curious experiments of 
this kind, by which the influence of 
points, in reſpect to Electricity, may be 
better underſtood, and which may, in a 
more particular manner, demonſtrate the 
utility of metallic Conductors to houſes, 
or piles of building, in order to preſetve 
them from the damage often occaſioned 
by a ſtroke of lightning; which is one of 
the greateſt benefits that mankind has re- 
ceived from the ſcience of Electricity. 


: 4 p 4 a 


p * 
220 432 31 er =_— 4 
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EXPERIMENT I. 
7 4 diſcharge a Jar | ſilently. 


When a large jar is fully charged, which 
would give a terrible ſhock, put one of 
your hands in contact with its outſide coat- 
ing; with the other hold a ſharp- pointed 
needle, and, keeping the point directed to- 
wards the knob of the jar, proceed gra- 
dually near it, until the point of the needle 
touches the knob. This operation diſ- 
charges the jar entirely, and you will either 
receive no ſock at all, or ſo ſmall a one as 
can hardly be perceived. The point of 
the needle, therefore, has ſilently and 
gradually drawn all the ſuperfluous fluid 
from — Infide” 1 of the electric 
jar. 6 | 'F in ag 

1 ao P BRI MEN T II. 
Draws ung 4 che * from t the - prime Con- 
 dufter & 4 Point. 


Let a WE hold the knob. of 2 braſs 
tod at ſuch a diſtance from the prime 
U Conductor, 


„ 
1 n N WT" 
WADE. Ew * . 1 
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Conductor, that ſparks may eafily fly from 
the latter to the former, when the ma- 
chine is ini motion. Then let the winch 
be turned, and, while the ſparks. are fol- 
lowing one another, preſent the ſharp 
point of a needle at nęaxly twice the dil- 
tance from the prime Conductor, that the 
knobbed rod is held and you will ob- 
ſerve that no more ſparks wall go to the 
rod; remove the needle entirely, and the 
ſparks; will. be ſeen again; — preſent the 
needle, and the ſparks; diſappear 3, which 
evidently ſhows, that the, point of the 
needle draws off 4/enzty almoſt all the fluid 
that the cylinder teas upon the prime 
Conductor. 8 | 


If the needle be fixed upon — prime 
Conductor with the point outward, and 
the knob of a. diſcharging rod, or the 
knuckle of a finger, be brought very near 
the prime Conductor, though the excit- 
tion of the cylinder may be very ſtrong 
yet you will perceive that no ſpark, or on! 
an exceeding ſmall one, can be obtained 


from the prime Conductor. 


ꝓ＋öoay d cc. o- bg 
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ne in. * 
| The eletric F h. . 8 
Bix the fly, deſcribed in the thied hays 


ter, upon the prime Conductor, as repre- 
ſented by D, fig. 2 of Plate I; then turn 
the winch of the anchine; and the fly will 
immediately begin to move round in an 
horizontal poſition, and in the direction of 
the letters 2.4 C. d; i. e. contrary to tho di- 
rection of the points of the wires. If the 
experiment is repeated with a Conductor 
negatively electriſied, the fly will turn the 
lame way as before, VIZ. an the direction 
of the letters a 6 e d. The reaſon f this 
experiment depends upon the repulſion 
exiſting! between bodies poſſeſſed of the 
ame Electricity; for Whether the fly i 
electrified poſitively or negatively, the air 
oppoſite to the points of the wires (on ac- 
count of the points caſily tranſmitting 
Electricity) acquireth a ſtrotig Electricity, 
analogous to that of the points; and theres 
ore the air and the points muſt xepel each 
ther, This explanation is confirmed; by 
U 2 obſerving 
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obſerving that the above fly not only does 
not move in vacuo ; and even, if placed 
under a eloſe receiver, it will turn but for 
a little while, and then ſtop ; for the 
quantity of air contained in the receiver, 
may become e and Se elec- 
trified * | 


_ 


1 
3 


PS PIER = IV. 
The ele@rifed Cotton. 


Take a ſmall lock of cotton, extended 
in every direction as much as convenient) 
can be _ and by a linen thread abou! 
pity £4393 1 

| . If, nen the ay * the cloke receiver is ſtop- 
ped; you put the end of a finger on the outſide of the 
glaſs,” oppoſite to one of the points of the fly, this will 
move again briſkly ; and by altering the poſition d 
your finger occaſionally round the glaſs, you may con- 
tinue its action a conſiderable; time, via. till moſt oſ 
that part of the glaſs is charged. In this caſe, when 
the finger is applied on the outſide of the receiver, tht 
glaſs loſing part of its natural electric fluid from tit 
outſide (i, . if the fly i is electriſied poſitively; ot aa 
verſa, if negatively) receives. the Ruid of the eledtr- 
fied air ow its inſide ſurface z hence this air is put in 
a ſtate of being again electriſted by the point of the 


fly, which renews the motion of the fly. 


IT: 


fire 


— 


— 
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five, or fix inches. long, or by a thread 
drawn out of the ſame cotton, tie it to the 
end of the prime Conductor; then let the 
winch of the machine be turned, and the 
lock of cotton, on being eleQtrified, will 
immediately ſwell, by repelling its fila- 
ments from one another, and will ſtretch 
itſelf towards the neareſt Conductor. In 
this ſituation, let the winch be kept turn- 
ing, and preſent the end of your finger, or 
the knob of à wire, towards the lock of 
cotton, which will then immediately move 
towards the finger, and endeavour to touch 
it; but take with the other hand a 
pointed needle, and preſent its point to- 
wards the cotton, a little above the end of 
the finger, and you will obſerve the cotton 
immediately to ſhrink upward, and move 
towards the prime Conductor. Remove 
the needle, and the cotton will come again 
towards the finger. Preſent the needle, 
and the cotton will ſhrink again: which 
clearly ſhews, that the needle, being ſharp- 
pointed, draws off the electric fluid from 
the cotton, and puts it in a ſtate of being 
attracted by the prime Conductor; which 
could not be effected by a wire having a 
U 3 bdlunted 


294 4 CoMpLaTy TREATISE 


blanted end, or a round ball for its ters 
minatios. | 


ExyzRrIMENT V. 
The electriſted Bladder. 


Take à large bladder, well blown, and 
cover it with gold, ſilver, or braſs leaf, 
ſticking it with gum-water ; ſuſpend this 
bladder at the end of a filk thread, at leaſt 
fix or ſeven feet long, hanging from the 
ceiling of the room, and electrify the 
bladder, by giving it a ſtrong ſpark with 
the knob of a charged bottle: this done, 
take a knobbed wire, and preſent it to the 
bladder when motionleſs, and you wil 
perceive, that as the knob approaches the 
bladder, the bladder alſo moves towards 
the knob, and when nearly touching it 
gives it the ſpark, which it received from 
the charged phial, and thus it becomes un- 
elerified. Give it another ſpark, and, 
inſtead of the knobbed wire, preſent the 
point of a needle towards it, and you wil 
perceive that the bladder will not be at. 
tracted by, but rather tecede from the 

#4. 0. be Point. 
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point, eſpecially if the needle be very, ſud- 
denly preſented towards it.— This is one 
of Mr. HNL 's experiments. 


Before we proceed to the practical uſe of 
pointed Conductors to buildings, in order 
to defend them from lightning (which is 
nothing more than the proper application 
of the preceding experiments) it will be 
proper to ſay ſomething in explanation of 
the above property of points, Which has 
lately occaſioned ſeveral controverſies., In 
order to this, it ſhould be remembered, 
that the electric fluid ſuperinduced upon 
in inſulated body, is confined upon that 
body by the air which ſurrounds it. Fur- 
ther, that Electricity, by being continu- 
ally communicated to the air, which is 
never a perfect electric, is gradually diſſi - 
pated; from whence follows this very evi- 
dent principle, 7. e. that as a greater or leſs 
quantity of air is contiguous to a given 
quantity of ele&rified ſurface, ſo that ſur- 
face loſeth its Electricity ſooner or later. 
Suppoſe, for inſtance, that a pointed needle 
is fixed upon the prime; Conductor; mark 
a dot * any part of the prime Conducy 

v4 tor, 
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tor, which may be ncarly equal to the 
point of the needle; and then electrify the 
prime Conductor. Now it is evident to 
bare inſpection, that although the point cf 
the ngedle and the dot, &c. are of equal 
ſurfaces, yet the former is expoſed to a quan- 
«tity of air which almoſt entirely ſurround; 
it, and which is: vaſtly greater than the air 
eontiguous to the latter: hence, the Elec- 
tricity, communicated to the prime Con- 
ductor, is diſſipated more eaſily from the 
point of the needle than from the dot, or 
any other part of the prime Conductor. 
Beſides, the air about the point may more 
eaſily be moved, in, conſequence of the 
electrical repulſion, than at any other part 
of the ſurface of the prime Conductor, and 
new air, i. e. unelectrified air, paſſes more 
frequently by it, which taking always part 
of the Electricity of that body, promotes 
alſo its diſſipation, 


In the fame manner may be underſtood, 
why the Electricity is more eafily . difſ- 
pated at ſharp edges and corners, than at 
flat ones; for as the ſurfaces of bodies in 
. are more or leſs plain, ſo. they are 
| expoſed 
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expoſed to» leſs on greater quantity of air, 
and participate more or Jeſs: of the nature 
and — Da ον man 
| i yuoilols it 

| When: the Windel body is W 
electri fied, it ĩs for the: fame; reaſon that it 
acquires the electric fluid through the 
point, eaſier than through any other part 
of its ſurface ; i. e. becauſe the point ex- 
hibiting the leaſt ſurface to the greateſt 
quantity of free air, has the greateſt num- 
ber of particles of air, from which it can 
extract the electric fluid *, 


3 — VE. COIN 
The Thunder hoy $0 


Fig. 1. of Plate II, is an inſtrument r re- 

preſenting the fide of a houſe, either fur- 
niſhed with a metallic Conductor, or not; 
by which both the bad effects of lightning 
ſtriking upon a houſe not properly ſe- 
cured, and the uſefulneſs of metallic Con- 


14 3 a 1 


* For a more particular explanation of the * * 


mentioned property of Points, ſee BECCARIA' s Arti- 
felal Electricity. | 
ductors, 
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ductors, may be clearly repteſented. A is 2 


board about three quarters of an inch 
thick, and ſhaped like the gable- end of a 
houſe. This board is fixed perpendicu- 
larly upon the bottom board B, upon 
which the perpendicular glaſs pillar CD 
is alſo fixed, inia hole about eight inches 
diſtant from the baſis of the board A. A 
ſquare; hole, IL M K, about a quarter of 
an inch deep, and nearly one inch wide, is 
made in the board A, and is filled with a 


ſquare piece of wood, nearly of the ſame 


dimenſions. I mention nearly of the ſame 
dimenſions, becauſe it muſt go ſo eaſily 
into the hole, that it may drop off by the 
leaſt ſhaking of the inſtrument, A wire, 
L K, is faſtened diagonally to this ſquare 
piece of wood. Another wire, I H, of the 
ſame thickneſs, having a braſs ball, H, 
ſcrewed on its pointed extremity, is faſ- 
tened upon the board A; ſo alſo is the 
wire MN, which is ſhaped in a ring at O. 
From the upper extremity of the glaſs 
pillar C D, a crooked wire proceeds, 
having a ſpring ſocket F, through which 
a double-knobbed wire flips perpendicu- 


larly, the lower knob G of which falls ju 
above 
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above the knob H. The glaſs pillar DC 
muſt not be- made very faſt into the bots 
tom board; but it muſt be fixed ſo as it 
may be pretty eaſily moved round its own 
axis, by which means the braſs ball G may 
be brought nearer or farther from the ball 
H, without touching the part E F G. 
Now when the ſquare piece of wood 
LMI K (Which may repreſent the ſhutter 
of a window or the like) is fixed into the 
hole fo, that the wire L K ſtands. in the 
dotted repreſentation I M, then the me- 
tallic communication from H to O, is 
complete, and the inſtrument repreſents a 
houſe furniſhed with a proper metallie 
Conductor; but if the ſquare piece of 
wood L MI K is fixed fo, that the wire 
LK ſtands in the direction L K, as repre- 
ſented in the figure, then the metallic Con- 
ductor H O, from the top of the houſe to 
its bottom, is interrupted at I M, in which 
caſe the houſe is not properly ſecured; 


Fix the piece of wood LMI K, fo that 
its wire may be as repreſented in the 
figure, in which caſe the metallic Conduc- 
tor H O is diſcontmued. Let the ball G 

be 


e 
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be fixed at about half an inch perpendicu- 
lar! diſtance from the ball H, then, by 
turning the glaſs pillar D C, remove the 
former ball from the latter: by a wire or 
chain connect the wire E F with the wire 
QWof the jar P, and let another wire or 
chain; faſtened to the hook O, touch the 
outſide coating of the jar. Connect the 
wire Q with the prime Conductor, and 
charge the jar; then, by turning the glaſs 
pillar D C, let the ball G come gradually 
near the ball H, and when they are arrived 
ſuſñciently near one another, you will ob- 
ſerve that the jar explodes, and the piece 
of wood, L MI K, is puſhed out of the 
hole to a conſiderable diſtance from the 
thünder- houſe. Now J the ball G, in this 
experiment; repreſents an electrified cloud; 
which, when it is arrived ſufficiently near 
the top of the houſe A, the Electricity 
ſtrikes it, and, as this houſe is not ſecured 
with a proper Conductor, the exploſion 
breaks part of it, 7. e. knocks off the piece 
of wood I M. 

Repeat the-:experiment with only this 


variation a that this piece of wood IM 
28 1s 
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is fituated ſo, that the wire L K may. ſtand 
in the ſituation I M; in which caſe: the 
Conductor H O is not diſcontinued g and 
you will obſerve, that the exploſion. will 
have no effect upon the piece of wood 
LM; this remaining in the hole un- 
moved; which ſhows the uſefulneſs: of the 
metallic Conductor. 


Further: Unſcrew the braſs ball H*from 
the wire HI, ſo that this may remain 
pointed, and, with this difference only in 
the apparatus, repeat both the above expe- 
riments; and you will find that the piece 
of wood I M is in neither caſe moved from 
its place, nor any exploſion will be heard; 
which not only demonſtrates. the prefer- 
ence of Conductors with pointed termina- 
tions to thoſe: with blunted ones, but alſo 
ſhows, that à houſe furniſhed with ſharp 
terminations, although not furniſhed with 
a regular Conductor, is almoſt fufficiently 
guarded againſt the effects of lightning. 


To prove farther the preference of 
pointed Conductars to blunt ones, the ex- 
periment of the electriſied cotton (vi. the 

fourth 
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fourth experiment of this chapter) may be 
caſily repeated with this apparatus; by 
which it may be ſhown, that a pointed 
Conductor ſilently drawing off the electric 
fluid from the ſmall clouds near it, which 
are repreſented by the cotton tied to the 
wire of the ball G, repels them, and may 
thus, in ſome caſes, perhaps, actually pre- 
vent a ſtroke of lightning ; whereas the 
blunted Conductor | facilitates it. Small 
feathers may alſo be tied near the knob G, 
which, by repelling one another, may ex- 
hibit a better repreſentation of an electri- 
fied cloud; and in ſhort, with a little con- 
trivance, the above-deſcribed: apparatus, 
commonly called the Thunder-bauſe, may 
be adapted to repreſent the principal phe- 
nomena of lightning, together with ſeve- 
ral circumſtances ere or ae. 
ing it. = 
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N E N we Waldsee the uſes of 
Electricity, in the Firſt Part ofithis 
Treatiſe; 'we obſerved that Electrieity had 
been found beneficial in many diforders, 
occaſioned by obſtructions, in which a 
promotion of the inſenſible perſpiration, 
and of glandular ſecretion; was neceſſary, 
or an additional impetus required to be 
giren to the common coarſe: of the fluids 
in the human body. We alſo confidered 
the different opinions1relating ta this fub- 
ject. In this chapter, therefore, yothing 
remains but to deſcribe' a practical method 
of applying Electricity to the human 1 
Then ne with 1 diſtempers⸗ 
ig wit! 
With reſpeRt to 5 hi electrical mürhine 
in general, Iſhall only obſerve, that its-fize 
ſhould not be ſo ſmall as was thought 
lufficjent ſome time ago when the ſmalleſt 
1 were ſuppoſed to be ſuffieiently 
uſeful 
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uſeful for the purpoſe. It is ſomewhat MW it f 
remarkable, that when a ſmall power of elec 
Electricity is to be uſed, latge machines hap 
ſhould be recommended ; whereas, a ſhort tive 
time ago, ſtrong ſhocks were adminiſtered, ord; 
and ſmall electrical machines were uſed ; elec 
but it muſt be conſidered, that when rub! 
ſhocks are given, very ſmall electrical ma- WM oth 
chines can charge a Leyden phial much ö 
ſtronger than requited; but when the V 
ſtream is uſed, which has lately been found Ml ici 
to be far more efficacious ; then the ſmall ever) 


machines are moſtly uſeleſs. Probably the {Wb 


largeſt machines will not be found to af- 
ford a ſtream too ſtrong for medical pur- 
poſes ; but the uſeful ones, which do not 
require a great labour to be put in motion, 
and may furniſh a ſufficiently denſe ſtream, 
ſhould have the glaſs globe, or cylinder, 
at leaſt nine inches in diameter; which, 
with a proportionate conductor, may 
uſually give ſparks about three inches long. 
Whether the rubber of theſe machines 


whether it may be occaſionally inſulated 
or not, ſeems to be immaterial with re- 
ſpect to medical Electricity: but as to have 
Lyibtu | it 


F Ek CAAD zog 
it ſituated upon a glaſs pillar, ist uſeful for 
electrical experiments in general; and per 
haps ĩt may be found hereafter, that nega- 
tive electrization is beneficial ãn ſome iſ 
orders, a perſon ho is to chooſe a new 
electrical machine, may rather have the n. 
rubber fixed upon à glaſs pillat, thang 
otherwiſe.. . lernt d ανοαιν * Noch 

i eee viel es 
with eh machines, the power of — id 
tricity ſhould be ſo regulated, as to apply. 1 
every degree of it with ſacility and readis 
neſs z beginning with a ſtream. iſſuing. ut 
of a metal point, next uſing; a wooden... 
point, then ſmall ſparks, ſtronger. ſparks, 
and laſtly, ſmall ſhocks. , Every. one of. 
theſe methods may be inereaftd or dimi- 
iſhed conſiderably, by a proper manage? 
ment: thus, by turning the wheel of "this 
machine, ſwifter, or flower, the ſtream of ,. 
electric fluid may be regulated according * 
3 the circumſtances may require. The 
ſparks may alſo. de made ſtronget r 
weaker, by taking them at a, greater or leſs, , 
diſtance, and by, tutning the wheel, fits, 
ot Lower and; ſo of the reſt.” , 155 3 1 20 


#,* 1463353 FN en Pi} 
<4 vo 2 ' 8 | It * 


C 


— tons — n 
3 — CTY * * — 


I 
1 
3 
XV * 


306 A Courtere TREATISE 


It is impoſſible to preſcribe the exat nl 
degree of electrization that muſt be uſd I the 
for various diſorders ; for perſons of dif- deg 
ferent conſtitutions, although afflicted N po- 
with the very ſame diſeaſe, require differ. Nena 
ent degrees of electrization. Some perſons Wore: 
are of ſo delicate and irritable conſtitution, tien 
that the ſmalleſt ſparks give them as much {con 
pain as ſhocks do to others. On the con- adm 
trary, ſome people can ſuffer pretty ſeyen 
ſhocks without poſitive pain; and I ha Werpe 
heard, though never ſaw. any, of perſons N eatio 
who were inſenſible of any electric . lilag 
even of confultenbly ſtrong ſhocks... 


is relpett. to this important point; the 
Operator, muſt be certainly inſtructed by 
EXPETIENCE 3 hqwever, in the beginning 
he may be ajſiſted by the two following 
rules: Firſt, he ſhould. begin to adminiſte 
to his patients the very { ſmalleſt degree 1 
electric power, which he ought to con- 
tinue for afew days, ſo as to obſerve whe- non c 
ther it. produces any good effect, which i 72, 
it fails to. do, he ſhould. then inereaſe the __ 
ſtrength of electricity and fo proceed gre: 
dually till he finds the effectual method ned , 


which he ſhould follow without variatio, pole. 
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till the patient is intirely cured. In ſhort, 
the operator ſhould always uſe the ſmalleſt 
degree of electric power, that is ſufficient 
for the purpoſe. A little ptactice will 
enable him to determine at once what de- 
gree of Electricity is required for his pa- 
tient, without any uſeleſs attempts. Se- 
condly, the degree of electriaatlon to be 
adminiſtered, ſhould | never exceed that, 
which the patient can conveniently ſuffer ; 
experience ſhewing, that when the appli- 
cation of any degree of Electricity is very 
lifagreeable to the nm _ _ a 


dom mend. 7 alt 


The inſtruments which, FR the 
letrical machine and its prime Conduc- 
tor, are neceſſary for the adminiſtration of. 
medical Electricity, may be reduced to 
three; wie. an electric jar, with Mr. 
LANE'S eleArometer ; . an inſulated chair, 
Ir an inſulated ſtool, upon which a com- 


non chair way be i kt; ; and. * 


Iireftor s . 


1 4 1] 1 1 


L A aw fchakien wWeful in tara 
fieity, are deſeribed in divers books, but thoſe men- 


45. aboye are ſufficient to anſwer every zequired,, 
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As for the jar with Mr. Lanz's electro- 
meter; it has been already deſcribed, and is 
clearly ſhewn by fig. 6. of Plate II. We 
may only obſerve, that for medical Elec- 
tricity this jar needs not be large; it being 
fully ſufficient when it contains about 60 
or 70 ſquare inches of coated ſurface. The 
balls A B of the electrometer, at moſt 
ſhould not be placed farther aſunder than 1 
quarter of an inch, but in general ore 
tenth of an inch diſtance js ſufficient. 
When the ſhocks are to be given with 
this apparatus to any particular part of the 
| body, for inſtance, to the arm, then, in- 
ſtead of the dotted line repreſenting a wire, 
which mult now be ſuppoſed as not exiſt 
ing in the figure, two ſlender and pliabk 
wires, CH, K I, are to be faſtened, one to 
the open ring C of the electrometer, and do n 
the other to the outſide coating of the ju. caſe 
The other extremities of the ſaid wires at bert 
faſtened each to the braſs wire I, and Hd dect 
the directors I L, HL. Fach of thoſe Pree 
inſtruments, juſtly; called directors, conſit Wi 8've: 
_ of:arknobbed. brafs- wire, which by mean Parat 
of "2 'brals cap is cemented ta wy her 


24 
1 
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handle L. The operator holding them 
by the extremity of the glaſs handle, brings 
their balls into contact with the extremi- 
ties of that part of the body of the patient, 
through which he deſires to ſend the ſhock. 
The management and convenience of this 
apparatus are eaſily comprehended ; for 
when the machine is in motion, and the 
wpparatus, &c. is fituated as in the figure, 
the diſcharge of the jar muſt be evidently 
made through that part of the patient 
which lies between the knobs of the direc- 
tors; and the operator, whilſt: an aſſiſtant 
keeps the machine in motion, has nothing 
more to do, but to hold the knobs of 
the directors to the extremities of the 
xm, or to any other part of the body that 
i required to be thus electriſied; always 
taxing care that the two wires K I, C H, 
do not touch each other, becauſe in that 
caſe the ſhock will not paſs through that 
part of the body which is required to be 
eftrified. Thus any number of ſhogks, 
preciſely of the ſame ſtrength, may be 
8iven, without altering any part of the ap- 
paratus, or having any farther trouble; and 
when the ſtrength of the ſhocks is required 

X 3 ta 
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to be diminiſhed or increaſed, it is only 
neceſſary to diminiſh or augment the dif. 
tance between the balls BC, which is done 
by ſlipping the wire C B forwards or back- 
wards through the ſpring ſocket that 
Holds it. 

It is almoſt ſuperfluous to mention, that 
when ſhocks are adminiſtered; it is imma- 
terial whether the patient ſtands upon the 
ground, upon the inſulating ſtool, or in 
any other ſituation whatever. It is neither 
always neceffary to remove the cloaths fron Wl w! 


the part that muſt be electrified, in order WF w. 


to let the knobs of the directors touch the WF thi 
{Ein ; for except the coverings be too man; Wl I. 
and too thick, in which. caſe part of then WW pit 
at leaſt ſhould be removed, the ſhocks will MW ha 
go through them very eaſily, eſpecially i 
the knobs of the directors mM preſſed 4 little 


upon the part. | thi 


Beſides the directors inde above, WW wi 
Wie: are other kinds of directors, which mi 
ſorve for throwing the ſtream” of electit I ha. 
fluid, and other fimilar purpoſes, © T *. the 


* much like ow PRICES above, er ine 
pt t 
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cepting only that its wire is bent, and in- 
ſtead of having any ball, it terminates in a 
point, to which is affixed a piece of wood 
about one inch or one inch and a half long, 
pointed at one end, though not very ſharp, 
and having a hole at the other. The ope- 
rator. ſhould have by him various ſuch 
wooden pieces, of different length and 
thickneſs, ſo as to ſhift them according as 
circumſtances may require; for ſometimes 
the wooden pieces are too dry or too damp, 
or the machine' is in bad order, &c. in 
which caſes the ſtream of electric fluid 
would be either too ſtrong or too weak, if 
the ſame wooden point was always uſed. 
The wood proper to make theſe pointed 
pieces ſhould be rather of a ſoft kind, than 
hard, as box wood and lignum vitz are. 


In order to throw the electric fluid with 
this director, let a wire proceeding from 
the prime Conductor be faſtened to the 
wire of the director, which the operator 
muſt hold by the extremity of the glaſs 
handle, and muſt manage it ſo as to keep 
the wooden point at about one or two 
inches diſtance from the body of the pa- 
| | X 4 tient. 
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tient v. This diſtance, however, muſt be 


regulated according to the conſtitution of 
the patient, the ſtrength of the electrical 
machine, and other circumſtances ; which 
will be ſuggeſted by a little practice. The 
electric fluid iſſuing from the wooden 
point, has a power which is intermediate 
between that of the ſtream proceeding from 


a metal point, and the power of the ſparks; 


but yet it is in general the moſt efficacious 
method of electrization, and therefore ng 
pains ſhould be ſpared in order to admini- 
ſer it in the beſt poſſible manner. This 
ſtream conſiſts of a vaſt number of exceed- 
ingly ſmall ſparks, accompanied with a lit 
tle wind, which gently irritates the part 
electrified, and gives a warmth - which 
proves very agreeable to the patients 
Sometimes, when the machine is very pow- 
erful, and the wooden point is ſhort: or 
{plit, a, very full and pungent ſpark iſſues 
from it, which is a very diſagrecable acci- 


When this or agy = operation is , performed, 
the electric jar, and in general any inſtrument not ac- 
tually neceſſary, muſt be removed from the prime 
, and even from the table win that” is rather 
{mall, 7 0 A 


» * 


dent, 
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dent, eſpecially when the part electrified is 
very delicate, In order to avoid this incon- 
yenience, the operator ſhould firſt try the 
goodneſs of the point, before he begins the 
operation; which he may do by throwing 
the ſtream upon his own hand or face. 


The above-mentioned method of elee- 
trifying, gentle as it may appear, will ne- 
vertheleſs be found too ſtrong for ſome per- 
ſons, eſpecially when uſed for open ſores 
upon delicate parts; in which caſes the 
wooden point muſt be remoyed, and the 
electric fluid muſt be ſimply thrown from 
the metal point of the director, which 
muſt now be kept at a greater diſtance 
than when the wooden piece was upon it. 
The electric fluid iſſuing out of this point 
ed wire of the director, occaſions only a 
gentle wind upon the part towards which 
it is directed, and is far from being diſa- 
greeable even to the moſt delicate conſti- 
tution. 


It might be naturally ſuſpected, that ſo 
gentle and nearly inſenſible a treatment 
could hardly be of any efficacy; but my 

Fog reader 
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reader may be aſſured, that to my certain 
knowledge, deduced from the practice of 
perſons who have had long experience in 
this ſubject, this method of electrization, 
viz. the throwing the fluid with a metal 
point, has often mitigated pains, and 
cured obſtinate and dangerous dilcaſes, 
which could not be remoyed by any other 
remedy that was tried. 


In general, this treatment upon delicate 
nervous conſtitutions, 1s as efficacious as 
the other, v7z. the throwing the fluid with 
a wooden point, 1s to ordinary conſtitu- 
tions. In ſeveral caſes, eſpecially of open 
fores, the electric fluid iſſuing out of a 
wooden point has conſtantly increaſed the 
pain, and even enlarged the fore ; whereas 
the fluid iſſuing out of the metal point, 
has effectually diminiſhed both. 


The ſtream iſſuing out of a wooden point 
may be directed towards the eyes of the 
patient, without any apprehenſion of hurt- 
ing him; in which-caſe the operator ſhould 
keep the eye · lic open with one hand. 


brag there may be ſome caſes, though 
| I ſeldom 


_ XX MER JL . 


EIL Z(TIHI GIT. 315 
I ſeldom heard of any, in which this treat- 


ment may be thought to be too ſtrong; 
then the metal point only may be uſed. 


The ſtream iſſuing both out of the 
wooden and of the metal point, acts even 
through the cloaths, if they are not too 
thick; hence it may be uſed without in- 
commoding the patient; but when it is 
convenient to uncover the part that is to be 
elerified, it is much preferable to direct 
the fluid immediately upon the ſkin, 


In this operation, the practitioner muſt 
mind to ſhift the point of the direQor 
about, ſo that the ſtream of electric fluid 
may be di rected not only towards the af- 
fected part, but alſo to the places about 
it; alternately returning to the ſame place, 
and moſtly infiſting upon the * princi- 
pally affected. 


The patient in this operation may alſo 


ſtand in every ſituation that may happen to 
be more convenient to him. 


When 
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When more proper inſtruments cannot 
be had, directors may be made by ſticking 
large pins upon ſticks of ſealing- wax. 


In regard to the continuation of the ope- 
ration in various caſes, it is impoſſible to 
give any particular directions, ſince the 
variety of caſes, is almoſt infinite. The 
operator will be. cafily inſtructed by prac- 
tices but for the beginning he may ob- 
ſerve, that When ſparks are adminiſtered, a 
dozen of them is fully ſufficient; but when 
the ſtream of electric fluid is uſed, the ope- 
ration may be continued for about 3 or 4 
minutes, pet day. — As for farther particu- 
lars relating to the ſubject of this chapter, 
I muſt refer my reader to my Eſſay on me- 
dical Electrieity ; the limits of this work 
not Fe e me to inſiſt longer upon 


ne neuss 
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Experiments with the electrical Battery. 
H E force of accumulated Electrici- 
ty, great as it appears by the experi- 
ments performed with a ſingle coated jar, 
is very ſmall when compared with that, 
which is produced by a number of jars 
connected together; and if the effects of a 
ſingle jar are ſurpriſing, the *prodigions 
force of a large battery is certainly aſto- 
niſhing. To obſerve that the metals, even 
the moſt purified platina, which Teffſts the 
gteateſt efforts of chemic fire, are actually, 
and almoſt inſtantaneouſly rendered” red- 
hot, and fuſed ; to ſee animals deftroyed ; 
and to hear the loud report of a large elec+ 
tric battery, are things that always produce 
2 kind of terror in the mind of an attentive 
obſerver. Experiments of this kind mould 
be conducted with great caution, And the 
Operator ought to be attentive; fiot only to 
the buſineſs in hand, but alfo to the perſons - 
who may happen to be near him, prohiBir- 
og their touching; or even coming too 
_—_ Near 


1 
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near any part of the apparatus ; for if a 
miſtake ih performing other experiments 
may be diſagreeable, thoſe in the diſcharge 
of a large battery may be attended with 
worſe conſequences. 


| When a battery is to be charged, inſtead 
of a large prime Conductor, a ſmall one is 
much more convenient; for, in this caſe, 
the diſſipation of the Electricity is not ſo 
conſiderable. The quadrant electrometer, 
which-ſhows the height of the charge in 
the battery, may be fixed either upon the 
prime Conductor, or upon'the battery ; in 
which latter caſe, it ſhould be placed upon 
a rod proceeding from the wires of the 
Jars, and if the battery be very large, it 
ſhould be elevated two or three feet above 


e 


The index of the electrometer in charg- 
ing a large battery will ſeldom riſe ſo bigh 
as 900, becauſe the machine cannot charge 
A battery fa high i in proportion, as a ſingle 
jar. Its limit ! is often about 60 or 70, 
more or leſs in proportion to the ſize of the 
battery, and the force of the machine. 

ExPE* 
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EXPERIMENT I. 


To melt Wires. 


Connect with the hook, communicating 

with the outfide coating of a battery, con- 
taining at leaſt thirty ſquare feet of coated y 
ſurface, a wire, that is. about one fiftieth 1 
part of an inch thick, and about two feet 
long; the other end of it muſt he faſtened 
to one end of the diſcharging rod; this 
done, charge the battery, and then, by 
bringing the diſcharging rod near its wires, 
ſend the exploſion through the ſmall wire, 
which, by this means, will be made red- 
hot, and melted, ſo as to fall upon the floor 
in different glowing pieces. When, a 
wire 18 melted i in this manner, ſparks are 
frequently ſcen at a conſiderable diſtance 
from it, which are red-hot particles of the 
metal, that by "the violence of. the explo- 
ſion are ſcattered in all directions. If the 
force of the battery 1 is very great, the wire 
will be intirely diſperſed by the exploſio on, 
fo that none of 1 it can be afterwards. found. 
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By repeating this experiment with wires 
of different metals, and the ſame. force of 
exploſion, it will be faund that ſome metals 
are more readily fuſed than others, and 
ſome not at all affected; which ſhows the 


difference of their, conducting power. If 


it be. required. to melt . ſuch particles of 


metals, that cannot eaſily be drawn in 
wires, as ores, grain gold, &c. they may 


be, ſet in a train upon 2 piece of wax; this 
train may be inſerted in the circuit, and an 


—_—_— may be ſent through it, which, 
x metallic particles, as well as the w wires; ot 
if the quantity, to be tried be large enough, 
1t may be confined in a ae of Gs 


aX9' Int! 114 4 4s 


In melting) wares: of a codec . | 


it is often obſerved, that when the force of 


the exploſion is juſt ſufficient tg render the 


wire rede hot, the redneſs begins firſt from 
one end of it, namely, that which commu- 
nicates with the poſitive . fide of the bat- 

tery, and from;thence gradually. proceeds to 
the 6 end. This is another ocular de- 
monſtration of the theory of a ſingle electric 
Mfuid. Kpdecd the wire is not rendered red- 
1 hot 


„ "1 
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hot in one place before the other, becauſe q 
the electrie fluid paſſes firſt through the 1 
former, and then through the latter, for 
that difference of time is. by far too ſmall 
to be obſerved ; but, becauſe the electric ' 
fluid loſes ſome of its impetus, or velocity, | 
in going through the wire; hence the part | 
of the wire which the electric fluid enters, 
ſuffers the greateſt effect of the ſhock, and, 1 
conſequently, becomes ted ſooner, and in 
a greater degree. „ 


If a wire is ſtretched by weights, and + 
ſhock is ſent through it, which renders it 
juſt red-hot, the wire, after the exploſion, | 1 
vill be found conſiderably lengthened ; but bi. 
if the wire is left looſe, after a ſimilar ex- 
ploſion it will be found ſhortened s. If 4 "ny 
vite is melted upon a piece” 'of glad, the = 
glaſs, after the exploſion, will be füund , 
marked with all ebene hav 0 _”_ 
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| be c 
43 ExXPERIMENT II. uit 
To ſhow that the electric Flud prefers a ſhort a 
Paſſage through the Air, to a long on: go 


through good Conduttors. 


Bend a wire about five feet long in the 
form repreſented by fig. 11. Plate II. 6 
that the parts A B may come within half 
an inch of one another; then connect the 
extremities of the wire with the hook of 
the battery, and the diſcharging-rod, as 
directed in the preceding experiment, and 
ſend the charge of a battery through it. 
On making the exploſion, a ſpark will be 
ſeen between A and B, which ſhows that 
the electric fluid chooſes rather a thor 
paſſage through the air, than the long one 
through the wire. The charge, however 
does not paſs intirely through: A and b, 
but part of it goes alſo: through the wir; 
which may be proved by putting a ſlendet 
wire between A and B; for, on making the 
diſcharge with only this addition in the ap: 
paratue, the ſmall wire will be hardly mad 


red-hot ; whereas, if the large wire AD! 
be 
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be cut in D, ſo as to diſcontinue the cir- 
cuit A D B the ſmall wire will be melted, 
and even exploded, by the fame ſhock that 
before made it ſcarcely red-hot. In this 
manner (ſays Dt. PR1EsTLEY, who is the 
inventor of this experiment) may the con- 
ducting power of different metals be tried, 
uling metallic circuits of the fame length 
and thickneſs, and obſerving the difference 
of the paſſage through the air in each. 


EXPERIMENT III. 


Take a very ſlender wire, and put it in a 
plas tube, about one quarter of an inch in 
diameter; then ſend the charge of a battery 
through it, and the wire will be melted, 
and reduced into globules of different ſizes, | 
which are found ſticking on the inſide ſur- 
fe of the glaſs tube, and they may be 
ally ſeparated from it at pleaſure : theſe, 
upon examination, will all be found hol- 
low, and are little more than a mere ſcoria 
of metal. 


5 It 
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It muſt be obſerved, in making this ex. 
periment, that the charge of the battery 
maſt neither be too high nor too weak, 
for in the former caſe, the wire will be re- 
duced into pieces exceedingly ſmall, or ra- 
ther exploded in ſmoke; and in the latter 
caſe, it will be imperfectly fuſed, ſo that 
| its pieces will be large and irregular. 


EXPERIMENT IV. 
The Fairy Circles. 


Fix upon each of the knobs D D of the 
univerſal diſcharger, fig. 5. Plate I. « 
upon the wires that ſupport the knobs, if 
the knobs- are removed, a flattiſh and 
ſmooth piece of metal, or ſemi · meta 
(watch-caſes are very fit for this purpoſe 
ſo that their ſurfaces may come ſo near each 
other, that the battery may be diſc harged 
through them; then connect one wire of 
the diſcharger with the outſide of the bat. 
tery, and the other wire, by the help of 
the diſcharging rod, with the inſide of 1 
ſo as to make the diſcharge; which wil 


occaſion the ſpot and circles deſcribed in 
2 7 the 
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the firſt part of this Treatiſe, upon the 


ſurface of each of the pieces of metal fixed 
upon the YE: 


Theſe circles have hitherto been exhi- 
bited upon the ſurface of no other ſub- 
ſtances but metals; and they are-found to 
be marked more diſtinctly upon ſuch me- 
tals as melt with the leaſt heat. The moſt 
beautiful of theſe rings are produced by a 
number of diſcharges from a large battery, 
every part of the apparatus remaining ex- 
actly in the fame ſituation. If the pieces 
of metal receive the exploſion in vacuo, 
the ſpot formed on them is 127 en 
and confuſed. 44 


Shake given theſe ob t the ippellation 
of Fairy Circles, on account that they bear 
ſome reſemblance to the fpots ſo called, 
which are often obſerved upon the graſs in 
the fields. Theſe, which we may ball na- 
tural» Fairy Circles in the fields, have 
deen thought to be effected by lightning, 
on account of their bearing ſome reſem- 
blance to the above-mentioned cireles pro- 
_ by Electrieity; the ſuppoſition; 

32 however, 
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. however, ſeems not very probable; for the pt 
ſpots in the fields, called Fairy Circles, 00 
have no central ſpot, no concentric circles, by 
neither are they always of a circular figure; 
and, as I am informed, they ſeem to be ra- 
ther beds of muſhrooms, than the effects of 11 
lightning. pc 

T 

SHE'S FEET V. ac 

m 

To mk aki Binge on Metats. re 

In — K to exhibit coloured rings upon 9 
the ſurface of metals, place a plain piece of 

any of the metals upon one of the wires of * 

the univerſal diſcharger, and upon the up 


other wire fix a ſharp - pointed needle, 5 
with the point juſt oppoſite to the ſurface D 
of the metal; then connect one wire of 
the diſcharger with the outſide of a bat- 
tery, and the other with the diſcharging- 
rod, &. In this manner, if exploſions 
are repeatedly. ſent, either from the point 
to the piece of metal, or from the latter to 


former, they will gradually mark the WE rc; 
ſurface of the piece of metal oppoſite to ter 
"wy Pics with * * of all the to 


priſmatic 
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priſmatic colours ; which are evidently 


occafioned by laminæ of the metal, raiſed 
by the force of the exploſions. 


Theſe colours appear ſooner, and the 
rings are cloſer to one another, when the 
point is nearer to the ſurface of the metal, 
The number of rings is greater or leſs, 
according as the point of the needle is 
more. ſharp or more blunt; and they are 
repreſented equally well upon any of the 


metals. 6 


The point of the needle is alſo coloured 
to a conſiderable diſtance ; the colours 
upon it returning in circles, though not 
very diſtinctly. This is an experiment of 
Dr. PRIESTLEY. 


EXPERIMENT VI, 
The imitation of an Barthquate. 


The appearance of the earthquake, as 
repreſented. with, the, exploſion of a hat- 
tery, is occaſioned by the concuſſion given 
to n ſubſtances by the exploſion 
Y 4 pafſing 
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paſſing over their ſurfaces. To give a re- ck 
preſentation, of. the impreſſion made upon thi 
houſes by the, earthquake, ſmall ſticks, FP) 
cards, or the like, may be placed upon the of 
Zen is to be 1 0 as to ſtand 
very light. Theſe ſticks, &c. will never 
fail to be ſhook, and often be thrown 


lot 
i down by the exploſion, As — 
. It is remarkable, chat an exploſion will 81 

not paſs over the ſame length of ſurface of 5 
all bodies, though they are equally good 10 


Conductors. Water, ice, wet wood, raw 
fleſh, and moſt of the Bis fluids, are ple 
the beſt to make this remarkable expeti- 115 
ment; to do which, , Nothing more is re- A, 
quired than to inſert part of the ſurface of 


the ſaid ſubſtances into the circuit of the * 
two ſides of! a battery * a chain, for in- uf 
ſtance, communicating with the outlide, if 
may be placed ſo as nearly to touch the Na 
furface of a quantity of water, and at about th. 
; eight or nine inches diſtant * from another a 
9 The diſtance at which an exploſion will ftrike n 


yer the furface of the above- mentioned ſubſtances, is ei - 
much greater than that it can in through in ar 0 


h 7 x 7 
chain, 
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chain, fituatdd alſo very near the furface of 
the water, and communicating with one 
end of the 'diſthatging=tod:"" If the ends 
of the chains touch the water, the expeti- 
ment will ee in the * manner. | 

The report, in this experiment, is much 
louder than when the exploſion | paſſes 
through the air only. Thé concuſſion 
given to the water, by the exploſion paſſing 
over its ſurface, i is not only ſuperficial, ber 
affects its whole body; ; and if the hand i is 
kept deep under its ſurface whilſt the ex. 
plofion paſſes over it, the concuſſion way 


a 


#00149 

be very Fenlibly felt. r 1 

The ſpark, that i in this experiment paſſes 
oyer the ſurface of the water, ſeems to bear 
a great reſemblance to the balls of fire that 
have ſornetimes | been ſeen over the ſurface 
of the fa or land in time of an carth- 
quake; and hence it ſcems very probable, 
that t obe balls of fire are ; dlectrical 7 


nomena. 
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C HAP. XII. 


a 
Promiſcuous Experiment c. | 
* © [ 
ExPERIMENT I. y 
To ſhow that Smoke, and the Vapour of but 
V. aer: are [9 anduc doro. | 
7 


ET a ons. ball electrometer be ſuſ- 
pended about four or fiye feet above 
the prime Conductor, then turn the winch 
of the machine very gently, and you will 
find, that the balls of the electrometer will 
not diverge. Put upon the prime Con- 
ductor a. wax-taper “ juſt blown out, fo 
that its ſmoke may aſcend to the electro- 
meter; then turn the winch again, and the 
balls of the electrometer will immediately 
ſeparate, a little, with the ſame force of 
Electricity, from the prime Conductor; 
which ſhows that ſmoke is a Conductor 1 in 
a ſmall degree. 


* A green wax-taper is the beſt for this expe 
Timent, | 
In 


* uh 
? - 
»:& 0 #- 
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In the ſame manner, by placing a fmall 
veſſel with hot water upon the prime Con- 
ductor, inſtead of the wax-taper, it may be 
proyed, that its vapour is alſo a Conduc- 
tor; but inferior in its conducting power 
to the ſmoke. This experiment is an in- 
vention of Mr, HENLY. 


ExXPERIMENT II. 


To prove that Glaſs, ond other Ele&rics, be- 
come Conduttors, when they are made very 
Bot. | N 


Take a ſmall glaſs tube of about one 
twentieth of an inch in diameter, and 
above a foot long; cloſe it at one end, and 
introduce a wire into it, ſo that it may be 
extended through its whole length: let two 
or three inches of this wire project above 
the open end of the tube, and there faſten 
it with a bit of cork ; tie round the cloſed 
end of the tube another wire, which will 
be ſeparated from the wire within the tube 
only by the | glaſs, interpoſed, between 
them, In theſe circumſtances endeavour 
to ſend a ſhock through the two wires; 

7. E, 


AE, B F through its ends, fo that they 
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i. e. the wire inſerted in the glaſs tube, and 
that tied on its outſide, by connecting one 
of them with the outſide, and touching 
the other with the knob of a charged jar, 
and you will find that the diſcharge cannot 
be made, unleſs the tube be broken; be- 
cauſe the circuit is interrupted by the glaſs 


at the end of the tube which is interpoſed 


between the two wires. But put that end 
of the tube to which the wire is tied into 
the fire, ſo that it may become juſt red- 
hot, then endeavour to diſcharge the jar 
again through the wires, and you will find 
that the exploſion will be eaſily tranſmitted 
from wire to wire, through the ſubſtance 
of the glaſs, which, by being made red- 
hot, is become a Conductor. | 


„ +4 


In order to Aer the conducting qua- 
lity of hot refinous ſubſtances, oils, &c. 
bend a glaſs tube in the form of an arch 
CET D, fig. 7. Plate II. and tie a filk 
ſtring G C D to it, ich ſerves to hold 
it by when it is to be ſet near the fire; fill 
the middle part of this tube with roſin, 
ſealing- wax, &c. then introduce two wires 


may 
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may touch the roſin, or penetrate a little 
way in it. This done, let a perſon hold 
the tube over a clear fire, ſo as to melt the 
rolin within it; at the ſame time, by con- 
necting one of the wires, A or B, with the 
outſide of a charged jar, and touching the 
other with the knob of the jar, endeavour 
to make the diſcharge through the roſin, 
and you will obſerve that, while the roſin 
is cold, no ſhocks can be tranſmitted 
through it; but it becomes a Conductor 
according as it melts, and when totally 
melted, the ſhocks will paſs through it 
very freely. 8 


EXPERIMENT III. 
To ſhow that hot Air is a Conductor. 


; Electrify one of the cork- ball electro- 
meters, ſuſpended upon the ſtand, fig. 4. 
of Plate I. or electrify the prime Conduc- 
tor with the quadrant electrometer; then 
bring a red-hot, iron within a ſufficient 
diſtancg of the electrometer, or prime 
Conductor, and you, Will find that they 
ſoon loſe their Electricity, which is cer- 

ä f tainly 
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tainly conducted by the hot air contiguous 
to the iron; for if the experiment be re- 
peated with the fame iron when cold, . 6. 
by bringing it within the ſame diſtance of 
the electrified Electrometer, or prime 
Conductor, their Electricity will not be 
conducted away as before *. 


The above experiments may reaſonably 
induce us to ſuſpect, that ſeveral ſubſtances 
which are ranged among Conductors, 
would become Electrics, if they were 
brought into a cold temperature; and that 
all the Electrics become Conductors, when 
they are heated in a very high degree. 


It has been often obſerved, that a battery may be 
diſcharged, by introducing a red-hot iron between two 
knobs interpoſed, and ſtanding at ſome diſtance from 
each other in the circuit; but if, inſtead of iron, there 
be introduced a piece of red-hot glaſs between the 
knobs {the diſtance between them remaining as at firſt) 
the battery cannot be diſcharged : whence we may 
infer, that either hot air is not ſo good a Conductor as 
has been imagined, or elſe, that air heated by iron 
(perhaps from its ignited particles) is ſtronger, with 
reſpect to its conducting power, than when heated 1 
n glaſs. % 
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EXPERIMENT IV. 
To eletrify the Air of a Room. 


The air ſurrounding the electrical ma- 
chine when in uſe, and contiguons © to 
every highly- electrified body, always ac- 
quires a portion of Electricity, which it 
retains for a conſiderable time, and which, 
in ſome meaſure, counteracts the Electri- 
city of electrified bodies . A very expe- 
ditious method, however, to electrify the 
air, is to fix two or three needles upon the 
prime Conductor, and to keep it ſtrongly 
electrified for about ten minutes. If after- 
wards an electrometer be brought into the 
air ſurrounding the apparatus, it will 
plainly ſhow, that the air has acquired a 
conſiderable quantity of Electricity, which 
it will retain even after the apparatus has 
been removed into another room, To 


An electrometer ſuſpended to the prime Conducy 
tor, will diverge moſt after a few turns of the wheel; 
but afterwards the divergence will leſſen, according as 
the air about the apparatus becomes electrified. 


electrify 
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electrify the air negatively, connect the 
pointed needles with the rubber when in- 
ſulated ; and make a communication by a 
chain, or wire, from the prime Conductor 
to the table. 


Another method of electrifying the air 
is, to charge a large jar, and inſulate it: 
then connect a ſharp-pointed wire, or a 
number of them, with the knob of the 
jar; and make a communication from the 
outſide coating to the table. If the jar be 
charged poſitively, the air of the room will 
ſoon become ſtrongly electrified poſitively 
likewiſe ; but if the jar be charged nega- 
tively, the air will become alſo negative. 
A charged jar being held in one hand, and 
the flame of a candle, inſulated, and held in 
the other, being brought near the knob of 
the jar, will —_—_ foon ane, the fame 
effect. 


23 


* 4 G : 
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EXPERIMENT. V. 


The Atmoſphere of Smoke. 


Take a braſs; ball, or any piece of metal 
that, is free from points or edges, of about 


three or four, inches diameter, and inſulate 


it upon a narrow electric ſtand; then give 
it à ſpark with the knob, of a charged 


phial, and immediately preſent to it a wax - 


aper juſt blown out and ſmoking. The 
imoke,/ in this caſe, will be attracted by 


the electtiſied body, and, by encompaſſing 


that hody, will. form a kind of atmoſphere, 


fe ſeconds, and afterwards, beginning 


a 


from the bottom, will gradually vaniſh, 


util, at Jaſt, entirely departing from the 


clectrified body, it goes off in a ſlender co 


lumn, that ſoon rarefies, and diffuſes itſelf 
into a conſiderable ſpace. 


This experiment will not ſucceed, unleſs 
It be made in very dry weather, and in a 
dom where the air is not agitated. Care 

- GE muſt 
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muſt alſo be taken, that, in blowing out 


the taper, and preſentin g it to the elecri- 
fied body, the air be diſturbed as little as , 
poſſible. ; 
This phenomenon has induced ſome 
philoſophers to ſuppoſe, that the Eledri- 
city of an electrified body reſided about it, 
7. e. reſted upon its ſurface; like an atmo- 7 
ſphere ; which, they thought, was made 
vety evident by the ſmoke. But this ap- 
pearance, when duly conſidered, is far 
from proving any ſuch electric atmo- 
ſphere; and the cauſe of it may be ver by 
eaſily explained in the following manner: g | 
The ſmoke is attracted by the eleCtrified : 
body in the ſame. manner, and for the N 
fame reaſon, that other bodies are attraded 
by it. It remains ſuſpended about that To 
ub! 
body; and cannot all come into contad it 
with its ſurface, on account of the elaſt- op 
6 F cuu! 
city of its particles. It remains ſo Jong 


ſuſpended about the electrified body, and 
is not immediately repelled, becauſe it 151 
bad Conductor, and acquires Eletricit 
very ſlowly ; but, having acquired a ſuff- 


qui 
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quit the electrified body, and, aſcending in 
the air, extends itſelf into a large ſpace, in 
conſequence of the repulſion exiſting be- 
tween its own electrified particles, 


EXPERIMENT VI. 


7 0 ſhew that Metals conduct the electric Fluid 
| through” their Subſtance. 


Take a wire of any kind of metal, and 
coyer part of it with ſome electric ſub- 
ſtance, as roſin, ſealing-wax, &c. then diſ- 
charge a Jar through it, and it- will be 
found, that it conducts as well with as 
without the electric coating. This proves 
that the electric fluid paſſes through the 
ſubſtance of the metal, and not over its 
ſurface. A wire continued through a va- 
cuum, is alſo a convineing proof of the 
truth of this eee W 


Z 2 - EXPERIMENT. 
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EXPERIMENT VII. 
The eletirified Cup and Chain. 


Inſulate- a metallic cup, or any other 
concave piece of metal, and place within it 
a pretty long metallic chain, having a (ilk 
thread tied to one of its ends. To the 
handle of the cup, or to a wire proceeding 
from it, ſuſpend a cork-ball electrometer; 
then electrify the cup, by giving it a ſpark 
with the knob of a charged phial, and the 
balls of the eletrometer will immediately 
diverge. If, in this ſituation, one end of 
the chain be gradually raiſed up above the 
top of the cup, &c. by the filk thread, 
while the lower end of the chain remains 
in it, the balls of the ele&rometer will 
converge a little, and more or leſs in pro- 


portion to the elevation, of the chain above 


the top of the veſſel ; which proves that 
the Electricity of the cup and chain toge- 
ther is more denſe when theſe bodies are 
in a compact, than when they are in a more 


extended form. A more. caſy method to 
ſhew 
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ew this property of Electricity, is that 
uſed by T. Rox AVN E, Eſq; which is as 
follows : — He excites a long lip of white 
flannel, or a filk ribband, by rubbing it 
with his fingers; then, by applying his 
hand to it, takes off as many ſparks as the 
excited electrie will give; but when the 
flannel, ' &c. has loſt the power of giving 
any more ſparks in this manner, he 
doubles, or rolls it up; by which opera- 
tion the contracted flannel, &c. appears ſo 
ſtrongly electrical, that it not only gives 
ſparks to the hand brought near but it 
throws out ſpontaneous bruſhes of light, 
which appear very beautiful in the dark. 


ExPERIMENT VIII. 
F $43 : , . 


T1 ſhit the Courſe of the elefric Fluid by the 
Fan of a Mar- taper. | 
Fix at that extremity of the prime Con- 
ductor Which is the remoteſt from the 
machine, a braſs rod fix inches long, hav- 
ing on its extremity a braſs ball about 
tiree:fourths of an inch in diameter, and 
let the Winch of the machine be moved. 


2 + If 
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If in this ſituation the flame of a wax- 
taper be preſented to the above-mentioned 
braſs ball, it will be blown almoſt hori- 
zontally, and in a direction from the ball; 
that is, in the direction of the electric 
fluid. If a wire, with-a-like ball, be fixed 
to the inſulated rubber, the flame of a 
-wax-taper, preſented to this ball, will be 
blown-alfo in the direction of the electric 
fluid; that is, it will be blown upon the 
ball, ſhowing the true courſe of the elec- 
tric fluid in a very Gumple and convincing 
manner, : 5 


EXPERIMENT IX. 


To ſhow the electric Attraction, and Reputjin 
| ' by the electric Light, 


Fix a pointed wire upon the prime Con- 
ductor with the point outward, and another 
like wire upou the inſulated rubber; then 
let the winch of the machine be turned, 
and the points of both wires will appear 
illuminated, viz. the former with a bruſh, 
and the latter with a ſtar, In this ſitua- 


tion, take an excited glaſs tube, a and bring 
| it 
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it ideway of the point of the wire fixed 
upon the prime Conductor, and you will 
ce that the bruſh of rays iſſuing from the 
point, is turned ſideway, i. e. is repelled 
by the atmoſphere of the tube; and if the 
excited tube be held juſt oppoſite to the 
point, the bruſh will entirely vaniſh, be- 
cauſe both the tube and the point are elec- 
tified! poſitively. If the excited tube be 
brought near the point of the wire fixed 
upon the rubber, the ſtar upon it will 
turn itſelf towards the tube; for this 
wire, being electrified negatively, will at- 
tract the electric fluid of the excited 
tube. 


If this experiment be repeated with an 
excited ſtick of ſealing-wax, or any other 
electric negatively electrified, inſtead of 
the glaſs tube, it will be found that the 
bruſh proceeding from the wire fixed upon 
the prime Conductor, will turn itſelf to- 
wards the excited wax, &c. and the ſtar 
upon the point of the wire negatively elec- 
tified, will be diverted from it, or entirely 
ſuppreſſed, if the excited ſtick of ſealing - 
wax be brought juſt oppoſite to the point. 

2 4 EXPERIMENT 


344 A Courrerr TIIEATIS A 
sq ht ad uam n Hidden 


BETTEN TMNT X. 


1 oubnon tui 21 le n 
2 Le = reed Capillany dunn. t 
4] 911} Du un d! oc | c 
Let a fall bucket ben, Full le. if 
8 ſuſpended from the prime Conduc- [ 
tor, and put in it a glaſs ſyphon of ſo nar- t 
row-extremity, as the water will juſt drop 
from it. If in this diſpoſition of the ap- 
patatus the winch of the machine be turn- 
ed, the water, which; when not electrified, 
only dropt from the extremity of the ſy- 
phon, will now run in a full ſtream, which 
will even be ſubdivided into other ſmaller 
ſtreams; and if the experiment be made in 
e will n beautifully illu- 
minated-. 
Fx YA * 1 K 5 1 XI. 
ts, ten 
n an The rel Bell. 
Ali: een. 4 T3 2 14+ 4 
Fig. 10 of Plate II. le. lab 
ment having three bells, Which are cauſed 
to ring by the power of electric atttaction 
93 — Bis a re furniſhed 
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with a hook, by which it may be ſuſpend- 
ed from the rod proceeding from the extre- 
mity of the prime Conductor A. The 
two bells C, and E are ſuſpended by braſs 
chains; but the middle bell D, and the two 
ſmall braſs clappers between C D, and 
D E, are ſuſpended by ſilk threads. From 
the concave part of the bell D a braſs chain 
proceeds, which falls upon the table, and 
has a ſilk thread F at its extremity. The 
apparatus being diſpoſed as in the figure, if 
the cylinder of the machine be turned, the 
clappers will fly from bell to bell with a 
vety quick motion, and the bells will ring 
as long as they are kept electrified. 


The two bells C and E, being ſuſpended 
by braſs chains, are firſt electrified, hence 
they attract the clappers, communicate to 
them a little Electricity, and repel them to 
the unelectrified bell D, upon which the 
clappers depoſit their Electricity, and then 
run again to the bells C E, from which 
they acquite more Electritity, &c. If by 
holding the ſilk thread F, the chain of the 
middle bell bt raiſed from the table, the 
bells, after ringing a little while, will ſtop, 


becauſe 
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becauſe the bell D remaining inſulated, 
will ſoon become as ſtrongly electrified as 


either of the other two bells, in which 
caſe the clappers, having 'no opportunity 
to depoſit the Electricity that they acquire 
from the bells C, E, muſt” conſequently 
ſtop. © a | OH 


Tf this experiment be made in the dark, 


ſparks will be ſeen between” the ren 
a and the bells. | 


ExPPRIMENT XII. 
The Spider ſeemingly animated by Electricity. 


Fig. 9 of Plate II. repreſents an electric 


jar, having a wire C D E faſtened on its 
outfide, which is bended ſo as to have its 
knob E, as high as the knob A. h is a 
ſpider made of cork, with a few ſhort 
threads run through it, to repreſent its 
legs. This ſpider is faſtened at the end of 
a-filk thread, proceeding from the ceiling 
of the room, or from any other ſupport, ſo 
that the ſpider may hang mid-way between 
the two knobs A, E, when the Jar is not 


charged. 
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charged. Let the place of the jar upon 
the tahle be marked ; then charge the jar 
by bringing its knob A in contact with the 
prime Conductor, and replace it in its 
marked place. The ſpider will now begin 
to move from knob to knob, and continue 
this motion for a conſiderable time, ſome- 
times for ſeveral hours. 


The inſide of the jar being charged po- 
ſitively, the ſpider is attracted by the knob 
A, which communicates to it a ſmall quan- 
tity of Electricity; the ſpider then becom - 
ing poſſeſſed of the fame. Electricity with 
the knob A, is repelled by it, and runs to 
the knob E, where it diſcharges its Elec- 
tricity, and is then again attracted by the 
knob A, and ſo on. In this manner the 
jar is gradually diſcharged; and When the 
diſcharge is nearly compleated, the ſpider 
finiſhes, its motion. 


Ts 1 
— 
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Sr \The Sidel Tube. | 
#T Giada m n 

— F 3 of Plate II. — an No ng 

ment, compoſed of, two glaſs tubes CD, 


ONE 


348 A CoMPEETE TREATISE 


one within another, and cloſed with two 
knobbed braſs caps A, and B. The inner- 
moſt of theſe tubes has a ſpiral row of ſmall 
round pieces ofitin>foil, tuck upon its out- 
ſide ſurface, and laying at about one thir- 
tieth of an inch from each other. If this 
inſtrument be held by one of its extremi- 
ties, and its other extremity be preſented to 
the prime Conductor, every ſpark that it 
receives from the prime Conductor, will 
cauſe. ſmall ſparks to appear between all the 
round pieces of tin- foil ſtuck upon the in- 
nermoſt tube, which in the dark affords a 
pleaſing ſpectacle; the inſtrument appear- 
ing e — line 1 fr. 


The lll round pieces of tin foil are 
ſometimes ſtuck upon a flat piece of glaſs, 
AB OC P, fig. 1a, ſo as to repreſent curve 
lines; flowers, letters, &. and they are il- 
luminated after the fame? manner as the 
ſpiral tube; i. e. by holding the extremity 
C, or B in the band, and preſenting the 
other extremity to the prime Conductor, 
when. the machine is in motion. 


AR 3895 ad d 95510999 
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"EXPERIMENT XIV. 
The dancing Balli. 


Fix a pointed wire upon the prime Con- 
ductor, with the point outward; then take 
a glaſs: tumbler, graſp it with your hands, 
and preſent its inſide ſurface to the point 
of the; wire upon the prime Conductor, 
while the machine is in motion; the glaſs 
in this manner will ſoon become charged; 
for its ãnſide ſurface acquires the Electricity 
from the point, and its outſide loſes its na- 
tural quantity of ele&ric fluid through. the 
hands, which ſerve as a coating. — This 
done, put a few pith- balls upon the table, 
and cover them with this charged glaſs 
tumbler. The balls will immediately be- 
gin to leap up along the ſides of the glaſs, 
44;repreſented fig. 1 6, Plate II. and will 
continue theit motion for a conſiderable 

f 004 5 en 

In this experiment the pith- balls are at- 
tracted and repelled by the electric fluid 
uperinduced upon the inſide ſurface of the 

glaſs, 
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glaſs, which they gradually conduct to the 
table or other conducting body upon which 
the glaſs is ſet; at the ſame time that the 
outward ſurface of the glaſs acquires the 
electric fluid from the contiguous air. 


HA P. XIII. 


Further Properties of the Leyden Phial, or 
charged Electrics. 


H E properties of charged electrics, 

plain as they may appear at firſt 

fight, and conformable to the commonly- 
eſtabliſhed theory of Electricity, are yet, 
when attentively conſidered, far from be- 
ing intirely underſtood, ſo as to require no 
further experiments, or leave no doubt in 
the mind of the ſpeculative Electrician. 
The firſt queſtion, that naturally occurs, 
in conſidering a charged phial, is, Where 
does the ſuperinduced electric fluid reſide? 
—— Is it lodged in the ſubſtance of the 
glaſs, or in the air contiguous to the fur- 
face of the phial? In the firſt” caſe, if the 
electric fluid penetrates 4 3 
0 


* 


inc 
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of the ſubſtance of the glaſs, it follows, 
that a glaſs plate may be given ſo thin, that 
the electric fluid may freely pervade its 
ſubſtance . If ſuch a plate can be made, 
it will be eaſy, from thence, to determine 
how far the electric fluid can penetrate the 
ſubſtance of the glaſs, when charged in the 
uſual manner. In the ſecond caſe, if the 
electric fluid reſides in the air contiguous 
to the glaſs, it muſt repel that air, z. e. a 
glaſs bottle ſhould contain leſs air when 
charged, than when in its natural ſtate; 
but this is contrary to experience. 


The late Mr. CanTox charged ſome 
thin glaſs balls of about an inch and a 
half, in diameter, having tubes of about 
nine inches in length, and afterwards ſealed 
them hermetically. If theſe balls, when 
they were cold, were preſented to an elec- 
trometer, they ſhewed no, ſign of Electri- 
city; but if they were kept a little while 


*1 have often blown glaſs balls ſo thin, that their 
thickneſs was leſs than one ſix-hundredth part of an 
inch, and have always obſerved, that they were capa- 
dle of receiving a charge, which they retained for a 
conſiderable time, if they were not made very hot. 

3 near 
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near the fire, they then appeared ſtrongly 
electrical, and poſſeſſed of that kind of 
Electricity with which their inſide had 
been charged. Mr. CANTON diſcovered 
farther, that if theſe balls are kept under 
water, they retain their virtue for a con- 
fiderable time, even for ſeveral years ; but 
if they are often uſed, their power is ſoon 
exhauſted. It is obvious to remark, that 
the Electricity, which appears upon the 
outſide of theſe balls, when they are ren- 
dered hot, i. e. when the glaſs is rendered 
a Conductor by the heat, is not that Elec- 
tricity, which properly conſtitutes the 
charge, but the ſuperfluous Electricity of 
their inſide *. 


* If a charged jar be inſulated, and diſcharged with 


an inſulated diſcharging rod, after the diſcharge both 
the ſides of the jar, together with the diſcharging rod, 
will be found poſſeſſed of the Electricity contrary to 
the Electricity of that fide of the jar, which was 
touched laſt befote the diſcharge ; which ſhows that 
one ſide of a cherged electric may contain a greater 
quantity of Electricity than that, which is ſufficient 
to balance the contrary Electricity of the oppolite 
ſide. . This redundant Electricity ſhould be carefully 
conſidered in performing experiments of à delicate 
nature. 


As 


of Buie'cTRICITY. 353 


As for the Electricity, which conſtitutes 
the charge, it being juſt ſufficient to ba- 
lance the contrary Electricity of the oppo- 
lite ſurface of the glaſs, it will Joſe its 
power as ſoon as it is arrived to that ſur- 
face, which in the caſe of the above- men- 
tioned balls, it actually reaches, En it 
can act upon the electrometer. 


The moſt remarkable phenomena pro- 
duced by charged electrics, are exhibited 
with flat plates of glaſs, jointly charged, 
like a ſingle coated plate. If two glaſs 
plates, haying plain ſurfaces, be placed one 
upon the other, and their outward ſurfaces 
be coated with tin-foil, in the uſual man- 
ner of coating a ſingle plate for the Leyden 
experiment, and then be charged, by pre- 
ſenting one coating to the prime Conduc- 
tor, and communicating the other with the 
earth, the plates (which we ſhall call A, 
ad B) after having been charged, will ad- 
here very firmly to one another, and if ſepa- 
ated, A, diz. that, whole coating was pre- 
ſeated to the prime Conductor, will appear 
Politive on both ſides, and B negative on 
both ſides, If theſe plates are laid in con- 

| „ tact 
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tact as before they were charged, and are 
diſcharged by making a communication 
between the two coated fides, they will be 
found ſtill to adhere to one another after 
the diſcharge ; and if ſeparated, they will 
appear ſtill electrified, but with this re- 
markable difference, vig. that now A ts ne- 
gative on both ſides, and B poſitive on 
both fides. If theſe plates, after being 
diſcharged, be ſeparated in the dark, 
flaſhes of light are perceivable between 
their internal ſurfaces. By laying the plates 
together, touching their coatings, and ſepa- 
rating them ſucceſſively, the flaſhes may 
be obſerved for a conſiderable number af 
times, diminiſhing by degrees, until they 
quite vaniſh. 


Father BeccaR1a explains theſe, and 
other ſimilar phenomena of charged 4 
well as of excited electrics, by the follos- 
ing. principle, which he diſtinguiſhes by 
the name of vindicating Electricity. When 
two bodies, either a Conductor and a 
electrified electric, or two contrarily and 
equally electrified electrics, are joined to- 


| gether, they adhere to cach other, and ther 
118 8 Electriciis 


of ELECTRICITY. 355 


EleQricities diſappear; but as ſoon as they 
are ſeparated, the electrics recover their 
Electricities 2. How far this principle 
can be of uſe to explain the phenomena of 
charged glaſs, &e. I will not take upon me 
to determine. It would exceed too far 
the limits of my work, if I were to enu- 
merate and account for all the particulars. 
When the principle is expreſſed, the inge- 
nous reader may eaſily apply it to explain 
the effects. I ſhall only mention an gbſer- 
ration of Mr. HzNI v, relative to this ſub- 
jet, which ſeems not conformable to Fa- 
ther BzgccaR1a's theory; and with that [ 
ſhall conclude this Part of my work. Says 
Mr: HENL, in one of his papers preſented 
to the Royal Society, in which he de- 
ſeribes the above mentioned experiments 
of the two glaſs plates ; — Crowyn-glaſt, 
that is, the ' glaſs commonly uſed for 
* faſh-windows, though ſo much thinner, 
* ſucceeds in this experiment as well as 
* the plate-glaſs ; but what is very re- 
markable, the Dutch plates, when treat- 
ed in the ſame manner, have each a po- 


; * Sec Brccazla $ Artificial Electricity, Part II. 
ec, VL 


Aa 2 * ſitive 


Electricity on one ſurface, and a nega- 
« tive Electricity on the other.” 


parated immediately after being charged 


a little time be allowed before the plates be 
ſeparated, the experiment will conſtantly 


* 
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te ſitive and negative ſurface, and the Elee- 
« tricity of both ſurfaces of both plate 
* is exchanged for the contrary Electri- 
& city in the diſcharge. If a clean, dry, 
% uncoated plate of looking-glaſs be 


s placed between the coated looking-glaſs 


plates, or between the plates of crown- 
« glaſs, it appears, after charging, to be 
« negatively electrified on both fides ; but 
« if it be placed between the Dutch 
plates, it acquires, like them, a poſitive 


In another paper Mr. HzwLy further 
obſerves, that if the Dutch plates are ſe- 


they will then act like two plates of look- 
ing-glaſs, i. e. one of them will be poſitive/ 
and the other negative on both ſides ; but if 


fucceed as above *. 


* To this ſecond edition, a differtation on the vi- 


 dicating Eliavicity has been added in the Appendit: i ſphei 


which will ſhew, by plain experiments, this wond!- confi 
ful properey of glaſs, &c. whilft-this chapter has be n1 
here reprinted juſt as it was publiſhed in the fk 


edition, 
ion PAR 
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D A R T IV, 


NEW EXPERIMENTS IN ELECTRICITY. 


THE laws of Electricity, together with 
the experiments neceſſary for their 
demonſtration, having already been de- 
ſcribed, in as compendious a manner as 
could be done without obſcurity, I ſhall, 
in the laſt Part of this Work, relate ſuch 
new experiments and obſervations as I 
have made during the courſe of about two 
years; in which time I have purſued the 
Science of Electricity, with a particular 
view to diſcover, if poſſible, the unknown. 
cauſe of ſeyeral electrical phenomena, eſpe- - 
cally thoſe relative to atmoſpherical Elec» 
tricity, 


The firſt inſtrument that I made uſe of 
to obſerve the Electricity of the atmo- 
ſphere, was an electrical kite, which I had 
conſtructed, not with a view to obſerve the 
Electricity of the air; for this, I thought, 

A a 3 was 
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was very weak, and ſeldom to be obſerved; 
but as an inſtrument which could be oc- 
caſionally 'ufed in time of a thunder-ſtorm, 
in order to obſerve the Electricity of the 
clouds. The kite, however, being juſt 
finiſhed, together with its ſtring, which 
contained a braſs wire through its whole 
length, I raiſed it the 3 iſt of Auguſt 1775, 
at ſeven of the clock in the afternoon, the 
weather being a little cloudy, and the wind 
Juſt ſufficient for the purpoſe. The ex- 
tremity of the ſtring being inſulated, I ap- 
plied my fingers to it; which, contrary to 
my expectation, drew very vivid and pun- 
gent ſparks: I charged a coated phial at 
the ſtring ſeveral times; but IJ did not 
then obſerve the quality of the Electricity. 
This ſucceſsful experiment induced me to 
raiſe the kite very often, and to keep it 
up for ſeveral hours together; thinking 
that if any periodical Electricity, or any 
change of its quality took place in the at- 
maſphere, it might very probably be diſco- 
vered by this inſtrument. In the following 
two Chapters I ſhall deſcribe the conſtruc- 
tion of the electrical kite, with its appurte- 


nances; and ſhall tranſcribe the moſt re- 
markable 
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mat kahle part of my journal relative to the 
kite; 1. e. deſcribing ſuch experiments 
only which are moſt remarkable, and do 
not happen very commonly; for although 
have uſed my kite ſometimes ten, and 
more times in a week, and at any hour of 
the day or night, yet as the greateſt part of 
taoſe experiments are only of uſe to con- 
irm a few laws of atmoſpherical Electri- 
city, I ſhall leave their particular detail, 
and ſhall only ſubjoin thoſe laws at the 
end of the ſecond chapter. 


CHAP. I. 


The Conſtruction of the electrical K ite, and 
other Inſtruments uſed with it. 


HE firſt electrical kite that I con- 
; ſtructed, was ſeven feet high; and it 
was made of paper, with a ſtick or ſtraiter, 
and a cane-bow, like the kites commonly 
ned hy ſchool-boys. On the upper part 
Aa 4 of 
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of the ſtraiter I fixed an iron ſpike, pro- 
jecting about a foot above the kite, which 
I then thought was abſolutely neceſſary to 
collect the Electricity; and I covered the 
paper of the kite with turpentine, in order 
to defend it from the rain. This kite, 
perfect as I thought it to be in its con- 
ſtruction, and fit for the experiments for 
which it was intended, ſoon manifeſted its 
imperfections, and, after being raiſed a few 
times, it became quite unfit for fatther 
uſe ; it being ſo large, and conſequently 
heavy, that it could not be uſed, except 
when the wind was ſtrong; and then, 
after much trouble in raifing and drawing 
it in, it often received ſome damage : which 
ſoon obliged me to conſtruct other kites 
upon a different plan, in order to aſcertain 
which method would anſwer the beſt for 
my purpoſe. I gradually leffened their 
' ſize, and varied their form, till 1 obſerved 
upon trial, that a common ſchool- boy 
kite was as good an electrical kite as mine. 
In confequence of which, I conſtructed my 
kites in the moſt fimhple manner, and in 
nothing different from the children's Kites, 


"Y } 
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except that I covered them with varniſh, or 
with well-boiled linſeed-oil, in order to 
defend them from the rain; and I covered 
the back part of the ſtraiter with tin-foil, 
which, however, has not the leaſt power 
to increaſe its Electricity. I alſo furniſh 
the upper extremity of the ſtraiter with a 
ſlender wire pointed, which, in time of a 
thunder-ſtorm, may perhaps draw the Elec- 
tricity from the clouds ſomewhat more 
effectually; but in general, I find, as it 
will appear in the account of the experi- 
ments; that it does not in the leaſt affet 
the Electricity at the ſtring. The kites 
that I generally have uſed are about four 
feet high, and little above two feet wide. 
This ſize, I find, is the moſt convenient, 
becauſe it renders them eaſy to be ma- 
naged, and; at the ſame time, they can 
draw a ſufficient quantity of ſtring. As 
for ſilk or linen kites, they require a good 
deal of wind to be raiſed; and then they 
are not ſo cheap, nor ſo eaſy to be made, 
as paper kites are. The ſtring ſometimes 
breaks, and the kite is loſt, or broken; 
for which reaſon theſe kites ſhould be 

| made 
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made as cheap and as ſimple as poſs 
ſible. 


The ſtring is the moſt material part of 
this apparatus; for the Electricity pro- 
duced is more or leſs, according as the 
ſtring is a better or a worſe Conductor. 
The ſtring which I made for my large 
kite, conſiſted of two threads of common 
twine, twiſted together with a braſs wire 
between the ſtrands. This ſtring ſerved 
very well for two or three trials, but, on 
examination, I foon found, that the wire 
in it was broken in many places, and it 
was continually ſnapping ; the metallic 
continuation, therefore, being ſo often in- 
terrupted, the ſtring became ſoon ſo bad, 
that it acted nothing better than common 
twine without a wire. I attempted to 
mend it, by joining the broken pieces of 
wire, and working into the twine another 
wire, which proved a very laborious 
work ; but the remedy had very little ef- 
fect; the wire breaking again after the 
firſt trial: which determined me to adopt 


other methods; and, after ſeveral experi- 
ments, 
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ments, I found that the beſt ſtring was 
one, which I made by twiſting a copper 
thread * with two very thin threads of 
twine. Strings like this I have uſed for 
the greateſt part of my experiments with 
the kite, and I find them to be exceed- 
ingly uſeful, and fit for the purpoſe. Sil- 
ver or gold thread would do much better 
to twiſt with the twine, becauſe they are 
much thinner than copper thread, and, in 
conſequence, the ſtring would be much 
lighter ; but, at the ſame time, it is to be 
conſidered, that gold or filver thread is 
much dearer than copper thread, 


I have attempted to render the twine a 
good Conductor of Electricity, by cover- 
ing it with conducting ſubſtances ; as 
lamp-black, powder of charcoal, very fine 
emery, and other ſubſtances, mixing them 
with diluted gum-water ; but this method 
improves the ſtring very little, and for a 


* I mean ſuch a thread of copper as is uſed for 
trimmings, &c. in imitation of gold threads z which 
are nothing more than ſilk, or linen threads, covered 
with a thin lamina of copper. 


very 
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very ſhort time; for the ſaid conducting 
ſubſtances are ſoon rubbed off the twine. 
Mr. NAIRNE informed me, that he had 
uſed to ſoak the ſtring of his electrical kite 
in a ſtrong ſolution of ſalt, which rendered 
it a good Conductor, ſo far as it attracted 
the moiſture of the air. In conſequence 
of this information, I ſoaked in falt-water 
a long piece of twine, and, by raiſing a 
kite with it, I found that it conducted the 
Electricity pretty well; but I thought it 
much inferior to the above-deſcribed ſtring 
with the copper thread: beſides, the ſalted 
ſtring in wet weather not only leaves part 
of the ſalt upon the hands of the operator, 
and, in conſequence, renders them unfit to 
manage the reſt of the apparatus, but it 
marks a white ſpot wherever it touches 
the clothes. 


In raiſing the kite when the weather is 
very cloudy and rainy, in which time 
there is fear of meeting with great quan- 
tity. of Electricity, I generally uſe to hang 
upon the ſtring A B, fig. 8. Plate II, the 
hook of a chain C, the other extremity of 
which falls upon the ground. Sometimes 

7 I uſe 
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I uſe another caution beſides, which is, to 
ſtand upon an inſulating ſtool ; in which 
fituation I think, that if any great quan- 
tity of Electricity, ſuddenly diſcharged by 
the clouds, ſtrikes the kite, it cannot 
affect much my perſon. As to inſulated 
reels, and ſuch-like inſtruments, that ſome 
gentlemen have uſed to raiſe the kite, 
without danger of receiving any ſhock ; 
fit for the purpoſe as they may appear to 
be in theory, they are yet very inconvent- 
ent to be managed. Except the kite be 
raiſed in time of a thunder-ſtorm, there is 
no great danger for the operator to receive 
any ſhock. Although I have raiſed my 
electrical kite hundreds of times without 
any caution whatever, I have very ſeldom 
received a few exceedingly flight ſhocks in 
my arms. [In time of a thunder-ſtorm, if 
the kite has not been raiſed before, I 
would not adviſe a perſon to raiſe it while 
the ſtormy clouds are Juſt overhead ; the 
danger in ſuch time being very great, even 
with the precautions above-mentioned : at 
that time, without raiſing the kite, the 
Electricity of the clouds may be obſerved 
by a cork-ball electrometer held in the 

band 


— In” 1 


366 AJ CoMPLETE TREATISE 


hand in an open place, or if it rains, by 
my electrometer for the rain; which will 


be deſcribed hereafter. 


When the kite has been raiſed, I gene- 
rally introduce the ſtring through a win- 
dow in a room of the houſe, and faſten it 


to a ſtrong filk lace, the extremity of 
which is generally tied to a heavy chair in 


the room. In fig. 8. of Plate III. AB re- 


preſents part of the ſtring of the kite 


which comes within the room ; C repre- 
ſents. the filk lace; D E, a ſmall prime 
Conductor, which, by means of a ſmall 
wire, is connected with the ſtring, of the 


kite ; and F repreſents the quadrant elec- 


trometer, fixed upon a ſtand of glaſs co- 


vered with ſealing-wax, which I uſed to 
a put near the prime Conductor, rather than 


to fix it in a hole upon the Conductor, be- 


cauſe the ſtring A B ſometimes ſhakes ſo 


as to pull the prime Conductor down ; in 


which caſe the quadrant electrometer re- 
mains ſafe upon the table, otherwiſe it 


would be broken, as I have often expe- 
rienced before I thought of this method. 
G repreſents a glaſs tube, about eighteen 


inches long, with a knobbed wire ce- 


Y mented 
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mented to its extremity; which inſtru- 
ment I uſe to obſerve the quality of the 
Electricity, when the Electricity of the 
kite is ſo ſtrong that I think it not ſafe to 
come very near the ſtring. The method 
is as follows: — I hold the inſtrument by 
that extremity of the. glaſs tube, which is 
the fartheſt from the wire, and touch the 
ſtring of the kite with the knob of its 
wire, which, being inſulated, acquires a 
ſmall quantity of Electricity from it; 
which is ſufficient to aſcertain its quality 
when the knob of the inſtrument is 
brought near an electrified electrometer. 
Sometimes, when I raiſe the kite in the 
night-time, out of the houſe, and where I 
have not the convenience of obſerving the 
quality of its Electricity by the attraction 
and repulſion, or even by the appearance 
of the electric light, I make uſe of a coated 
phial, which I can charge at the ſtring, 
and, when charged, put into my pocket; 
wherein it will keep charged even for ſe- 
veral hours . By making uſe of this in- 
{tr ument, 

* The conſtruction of this phial is as follows : — 
Beſides the coating on the inſide and outſide, that this 
Phial has, like any other of the ſame kind, a glaſs 


tube, 
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ſtrument, I am obliged to keep the kite up 
no longer than is neceſſary to charge the 
phial, in order to obſerve the quality of 
the Electricity in the atmoſphere ; for after 
the kite has been drawn in and brought 
home, I can then examine the Electricity 
of the inſide of the phial, which is the 
ſame as that of the kite. 


tube, open at both ends, is cemented into its neck, 
and proceeds within the phial, having a ſmall wire 
faſtened to its lower extremity, which touches the 
inſide non- electric coating. The wire with the knob 
of this phial is cemented into another glaſs tube, 
which is nearly twice as long, and ſmaller than the 


tube cemented into the neck of the phial. The wire | 


is cemented ſo, that only its knob projects out of one 
end, and a ſmall length of it out of the other end 
of the tube. If this piece with the wire be held by the 
middle of the glaſs tube, it may be put in or out of the 
tube which is in the neck of the phial, ſo as to touch 
the ſmall wirs at the lower extremity of it, and that 
without diſcharging the phial, if it is charged. I have 
kept ſuch a phial charged for ſix weeks together; and 
probably it would keep much longer, if it were to be 
tried. The ingenious young Electrician may make 
uſe-of ſuch a phial for ſeveral diverting purpoſes. — 
The piece of glaſs which ſerves to hold the wire by, 
is rather better to be fixed above than below the ball. 
In this caſe, the ball is perforated quite through, and 
the wire projects a ſhort way above it; to which the 
glaſs tube is cemented. 

12 When 
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When the Electricity of the kite is very 
ſtrong, I fix a chain, communicating with 
the ground, at about fix inches diſtance 
from the ſtring ; which may carry off its 
Electricity, in caſe that this ſhould in- 
creaſe ſo much as to put the by- ſtanders in 
danger, 


Beſides the above-deſcribed apparatus, I 
have occaſionally uſed ſome other inſtru- 
ments, which I have often varied, accord- 
ing as ſome particular experiments re- 
quired; but, as they are of no great conſe- 
quence, I ſhall omit to deſcribe them. Tt 
is only neceſſary, before I enter into the 
narration of the principal experiments 
performed with the kite, to give an idea 
of the ſtandard of my quadrant electrome- 
ter; which may, very probably, ſhew the 
lame intenſity of Electricity under a num- 
ber of degrees different from the other in- 
ſrument of the ſame kind. When the 
kite is flying, and the apparatus is diſ- 
poſed as in fig. 8. of Plate III. I bring, 
under the extremĩity E of the prime Con- 
ductor, a little bran, held upon a tin 
plate, and obſerve, that when the index of 
tie electrometer is at ten degrees, the 

| B b prime 
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prime Conductor begins to attract the 


to 
bran at the diſtance of about three-fifths of WM r 
an inch ; when the index is at twenty de- ing 


grees, the prime Conductor attracts the WM nig 
bran at the diſtance of about one inch anda 
quarter; when the index is at thirty degrees, 
the bran begins to be attracted at the diſtance 8 
of two inches and one-fifth. Theſe diſ- * 


tances vary, as the weather changes its de- thre 
gree of dryneſs; but in froſty weather I ob- * 
ſerve them conſtantly as above. — 
3 wea 
n r 2 clor 
CHAP. II. nith 

paſt 


Experiments performed with the electrical 
x Kite. N 


Eptember the 2d, 1775. The weather 
being very cloudy, and actually rain- 

ing, the kite was raiſed at eight o'clock 
P. M. with two hundred yards of ſtring, 
which had a braſs wire through 'its whole 
length. The wind was from the ſouth and 
very ſtrong. The Electricity at the ſtring 
was negative, and juſt ſufficient to charge 


half-pint phial ſo as to give a ſhock ſenſible 
i | to 
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to the elbows. The kite, after being up 
for about one hour, fell to the ground, hav- 
ing its paper, which was not properly var- 
niſhed, almoſt intirely torn off by the vio- 
lence of the wind and the rain. 


September the 14th. The kite was 
raiſed with a ſtrong north wind at half paſt 
three P. M. The Electricity was poſitive, 
and pretty ſtrong, the index of the electro- 
meter being generally about 20. The 
weather was rather cold, and very thick 
clouds were gradually approaching the ze- 
nith. The kite was pulled down at half 
paſt four P. M. 


N. B. At night the aurora borealis was 
very ſtrong, and ſeveral flaſhes of light - 
ning were ſeen near the horizon towards 
nn | 


September the 230. A' dall kite was 
nuſed at t half paſt ten o'clock in the morn- 


5 The index of the electrometer in . raiſes 
digher or falls lower, according as the kite comes 
neater to, or goes farther from the zenith; ons length 
of the firing remaining the ſame. | 


Bb 2 ing, 
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ing, and it was kept up for eleven hour , 
ſucceſſively, viz. till half paſt nine P. M. 4 
The ſtring, which was only a common A 
twine, without a wire, was conſtantly elec- 4 


trified poſitively, although in a very ſmall ag 
degree. About nine o'clock the Electri- ar 
city appeared ſtronger, ſo that a ſmall phi- 1 
al, charged at the ſtring, gave a, pretty ſen- 1 
fible ſhock. The weather was very clear, th 
and warm; but in the night no aurora bo- re 
realis, or any other electrical appearance, was pa 
perceived. The wind was eaſt by ſouth, wa 
and ſo weak that the kite was kept up with tin 
great difficulty. 15 
© CBE ſtri 

October the 1oth, 1775. The weather we 


being clear, and the wind blowing ſtrong 
from the ſouth weſt, the kite was raiſed * 
at eleven o' clock A. M. with ninety yards wh 
of ſtring, which had a copper thread twiſt- bs, 
ed in v. The wind, during the experi- 66 
ment, inaeaſed and decreaſed ſeveral times; I hi 
and the Electricity, which was poſitive, 3 At 

it appeared by the index of the electrometet, wh 


Huch ſtring as this was uſed in all the following 
experiments. 


allo 
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alſo increaſed and decreaſed. At noon the 
violence of the wind cauſed the kite to fall. 
At half paſt four o'clock, the wind being a 
a little more moderate, the kite was raiſed 
again. The Electricity was alſo poſitive, 
and ſeemed rather ſtronger than it had been 
in the morning. The weather at this time 
was cloudy; the clouds appearing much 
thicker near the horizon than about the 
zenith, The kite was pulled down at half 
paſt five o'clock, and at half after ſeven 
was raiſed again ; every phenomenon con- 
tinuing the ſame. At eight o'clock, while 
| was pulling the kite in, I inſulated the 
ſtring when only thirty-five yards of it 
were out, and was ſurpriſed 'to find, that 
now the Electricity was as ſtrong as it had 
been, when all the ſtring was out, which 
was ninety yards long. It myſt however 
be remarked, that at this time a few flaſhes 
of lightning were ſeen among the clouds, 
which were pretty thick about the horizon. 
At a quarter paſt eleven o'clock the kite 
was raiſed again, which was the fourth 
time of raiſing it that day; the weather 
then being very clear, and the wind the 
lame as in the afternoon. The Electricity 
o xa Bb 3 was 


A ComPLETE TRAEAT IEE 


was very weak, but conſtantly poſitive, 
The kite was pulled down, after having 
been up a few minutes only. 


October the 16th. At about two P. M. 
a thick fog being juſt cleared up, the wea- 
ther became clear, and the wind began to 
blowfrom the ſouth ſouth weſt. The kite 
was raiſed with one hundred and twenty 
yards of ſtring, and it was kept up. no 
longer than a quarter of an hour, The 
Electricity was poſitive, and pretty ſtrong; 
the index of the elerometer being about 
15. At half paſt three o'clock the kite 
was raiſed again, the weather being very 
little cloudy. At half paſt four o'clock 
the clouds became very thick, and in a 
| ſhort time it began to rain, which increaſed 
the Electricity of the kite, without chang- 
ing its quality; ; the index of the electro- 
meter arriving to 20. The kite was nd 
led down at fiye 0 clock. 


" Odober the 18th, After having rained 
a great deal in the morning, and night be- 
fore, che weather became a little clear in 
the afternpon,. the clouds appearing ſepa- 
2 3 | rated, 
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rated, and pretty well defined. The wind 
was welt, and rather ſtrong, and the at- 
moſphere in a temperate degree of heat, In 
theſe circumſtances, at three P. M. I 
raiſed my electrical kite with three hun- 
dred and ſixty feet of ſtring, After that 
the end of the ſtring had been inſulated, 
and a leather-ball, covered with tin-foil, 
had been hung to it, I tried the power 
and quality of the Electricity, which ap- 
peared to be poſitive, and pretty ſtrong, In 
a ſhort time a ſmall cloud paſling over, the 
Electricity increaſed a little; but the cloud 
being gone, it decreaſed again to its former 
degree, The ſtring of the kite was now 
faſtened by the ſilk lace to a poſt in the 
yard of the houſe wherein I lived, which was 
lituated near Iflington, and I was repeats» 
edly charging two coated phials, and giv- 
ing ſhocks with them ;—while I was ſo do- 
ing, the Electricity, which was {till poſts 
tive, began to decreaſe, and in two or three 
minutes time it became ſo weak, that it 
could be hardly perceived with a very ſen- 
lible cork-ball electrometer. Obſerving at 
the fame time that a large and black cloud 
was approaching the zenith (which, no 

Bb 4 _ doubt, 
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doubt, cauſed the decreaſe of the Electri- ab 


city) indicating imminent rain, I intro- ce 
duced the end of the ſtring through a win- W. 
dow, in a firſt- floor room, wherein I faſten- in 
ed it by the ſilk lace to an old chair. The ſo 
quadrant electrometer was ſet upon the an 


ſame window, and was, by means of a wire, 
connected with the ſtring of the kite. Be- 
ing now three quarters of an hour after 
three o'clock, the Electricity was abſo- 
lutely unperceivable; however, in about 
three minutes time, it became again per- 
ceivable, but now upon trial was found to 
be negative; it is therefore plain, that its 
ſtopping was nothing more than a change 
from poſitive to negative, which was eri- 
dently oecaſioned by the approach of the 
cloud,: part of which by this time had 
reached the zenith of the kite, and the rain 
alſo had begun to fall in large drops.—The 
cloud came farther on the rain increaſ- 
ed, and the Electricity keeping pace with 
„ it, the electrometer ſoon arrived to 15+ 
1 Seeing now, that the Electricity was pretty 
ſtrong, I began again to charge the two 
coated phials, and to give ſhocks with 
them; but the phials had not been charged 
"4 4 above 


4 +44 


rere r r. 


above three or four times, before I per- 
ceived that the index of the electrometer 
was arrived to 35, and was keeping ſtill 
increaſing, The ſhocks now being very 
ſmart, I defiſted from charging the phials 
any longer; and, confidering the rapid ad- 
vance of the Electricity, thought to take off 
the inſulation of the ſtring, in caſe that if 
it ſhould increaſe farther, it might be ſilent- 
ly conducted to the earth, without cauſing 
any bad accident, by being accumulated in 
the inſulated ſtring. To effe& this, as I 
had no proper apparatus near me, I thought 
to remove the filk lace, and faſten the 
ſtring itſelf to the chair; accordingly, I diſ- 
engaged the wire that connected the elec- 
trometer with the ſtring ; laid hold of the 
ſtring ; untied it from the filk lace, and 
faſtened it to the chair; but while I effected 
this, which took up leſs than half a minute 
of time, I received about a dozen, or fifteen 
very ſtrong ſhocks, which I felt all along 
my arms, in my breaſt, and legs; ſhaking 
me in ſuch a manner, that I had hardly 
power enough to effect my purpoſe, and to 
warn the people in the room to keep their 
diſtance. ' As ſoon as I took my hands off 
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the ſtring, the Electricity (in conſequence 
of the chair being a bad Conductor) began 


to ſnap between the ſtring and the ſhutter 


of the window, which was the neareſt body 
to it. The ſnappings, which were audible 
at a good diſtance out of the room, ſeemed 
firſt iſochronus with the ſhocks which I 
had received, but in about a minute's time, 
oftner; ſo that the people of the houſe com- 
pared their ſound to the rattling noiſe of a 
jack going when the fly is off. The cloud 
now was jult over the kite; it was black, 
and well defined, of almoſt a circular form, 
its diameter appearing to be about 4o' ; the 
rain was copious, but not remarkably 
heavy. As the cloud was going off, the 
electrical ſnapping began to weaken, and in 
a ſhort time became unaudible. I went 
then near the ſtring, and finding the Elec- 
tricity weak, but ſtill negative, I inſulated 
it again, thinking to keep the kite up ſome 
time longer; but obſerving that another 
larger and denſer cloud was approaching 
apace towards the zenith, as I had then 
no proper apparatus at hand, to prevent 
every poſſible bad accident, Ireſolved to pull 
the kite in; accordingly a gentleman, who 
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was by me, began pulling it in, while I 
was winding up the ftring. The cloud 
was now very nearly over the kite, and the 
gentleman, who was pulling in the ſtring, 
told me, that he had received one or two 
flight ſhocks in his arms, and that if he 
were to feel one more, he would certainly 
let the ſtring go; upon which I laid hold of 
the ſtring, and pulled the kite in as faſt as I 
could, without any farther obſervation ; 
being then ten minutes after four o'clock. 


N. B. There was neither thunder or 


lightning perceived that day, nor indeed for 
ſome days before or afterwards. 


November the 8th, 1775. The wind 
being north-weſt, and juſt ſufficient, the 
kite was raiſed at three quarters paſt eleven 
A. M. with one hundred and twenty yards 
of ſtring; The Electricity was poſitive, 
and weak, the weather being cloudy. At 
noon the clouds grew thicker, and the 
EleQricity quite vaniſhed ; however, in a 
few ſeconds it returned, and from this 
time it evidently kept increaſing and de- 
n according as the clouds became 

thinner 
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thinner or thicker. At forty minutes after 
one o'clock the Electricity vaniſhed again; 
a thick cloud then covering almoſt the 
whole hemiſphere; but as a little rain be- 
gan to fall, the Electricity retutned, and it 
was ſtill poſitive. At three quarters paſt 
three o'clock the clouds began to grow 
thin, and the Electricity increaſed a little; 
but at this time I was obliged to pull the 
kite in. The index of the electrometer in 
this experiment ſeldom arrived to 65. 


November the 16th. The weather be- 
ing very clear and froſty, the kite was raiſ- 
ed at a quarter paſt ten A. M. with one 
hundred and twenty yards of ſtring. The 
Electricity was poſitive, and pretty ſtrong, 
the index of the electrometer going from 9' 
to 15”; raiſing as. the wind blew- ſtronger, 
and the kite was more elevated, and vice 
verſa. At a quarter paſt three o'clock the 

wind, which was north-north-weſt; intirely 
failing, the kite fell, | 


November the 17th. The weather be · 
ing exceedingly damp, and the ſqg ſo denſe, 
that the honſes at about a quarter of a mile 

| diſtance 
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diſtance could not be diſtinguiſhed, the 
kite was raiſed at two P. M. with one hun- 
dred and ten yards of ſtring, while it was 
raining, but very little. The Electricity 
was poſitive, and fo weak that the cork- 
balls of an ele&rometer diverged. about 
three quarters of an inch. The wind be- 
ing very violent, I was obliged to pull the 
kite in, after having been up for about five 
minutes. | 


December the 5th, 1775. The weather 
being equally cloudy, and the wind weſt 
by north, and hardly ſufficient, the kite was 
raiſed at a quarter paſt three P. M. with 
one hundred and twenty yards of ſtring. 
The Electricity was poſitive, and ſo weak 
as to cauſe: the cork · balls of an electrometer 
to diverge about an inch. At a little after 
four o'clock the kite was pulled in; and at 
eight o'clock in the evening it was raiſed 
again. At this time the Electricity was 
much ſtronger than in the afternoon, but 
conſtantly poſitive. The weather clearing 
up, the clouds were driven away by the 
wind, which was now ea little ſtronger 
than in the afternoon. At forty minutes 
after 
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after eight o clock the ſky was clear, the 
moon and ſtars appearing very bright; 
except that a few thin clouds were yet to 
be ſeen near the horizon. The index of 
the electrometer was now going from 15 
to 20. At ten minutes after nine o'clock 
the kite was drawn 1 in. 


N. B. No aurora borealis was to be 


ſeen. 


December the -2ath. The weather be- 
ing cloudy and hazy, the kite was raiſed at 
three quarters after ten o clock A. M. with 
one hundred and forty yards of ſtring. 
The Electricity was poſitive, and pretty 
ſtrong, the index of the electrometor going 
from 16" to 21". At half paſt one P. M. 
the weather growing a little clearer, I pul- 
led the kite down ; and, after having inter- 
poled a blk ribband between its loop and 
the extremity of the ſtring, ſo as to inſu- 
late the kate, I raiſed at again with the ſame 


length of firing; and, after I had inſulated 


the lower extremity of the ring, I ob- 
ſerved that the intenſity of the Electricity, 
is ks the index of the elec · 


trometer, 
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trometer, was, as nearly as could be de- 
termined, the ſame as before, i. e. when 
the kite was not inſulated with reſpe& to 

the ſtring. es! | 


At two o'clock P. M. I pulled the kite 
down, and found upon obſervation, that the 
filk ribband had contracted no moiſture, ſo 
that the kite was perfectly inſulated by it. 
This experiment of inſulating the kite I 
have often repeated at other times, and 
have always met with the fame ſucceſs ; 
hence it appears, that it is the ſtring, and 
not the kite, which in general collects the 
Electricity from the air. The kite there- 
fore in general is only uſeful to extend the 
ſtring high into the open air, 


January the 4th, 1776. The froſt hav- 
ing been very hard during theday and night 
before, the wind began to blow very ſtrong 
from the ſouth at two-o'clock A. M. which 
oceafioned a ſudden thaw and a copious 
ain. At eight o'clock-A. M. at which 
time the kite was raiſed, the hemiſphere 
appeared like a uniform dark canopy, un- 
der which ſeveral ſmall, irregular, and 


darker 
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darker clouds were running, very faſt ; the 
rain was conſtant, but not remarkably 
heavy. As ſoon as the ſtring of the kite 
was inſulated, the Electricity, which was 
negative, began to ſnap from it, to the 
ſhutter of the window and other bodies 
near; the index of the electrometer arrived 
to 40 and it would have certainly gone 
farther, if the apparatus had been drier; 
but the air was ſo damp, that it was almoſt 
impoſſible to keep any part of the appara- 
tus ſufficiently free from moiſture. The 
Electricity, however, gradually decreaſed, 
ſo that at ten o'clock A. M. at-which time 
the kite was pulled in, the index of the 
electrometer was at a little above 12. The 
coated phials in this experiment were 
charged ſurpriſingly quick; three or four 
ſeconds of time being ſufficient to charge 
two half-pint phials completely - 


January the lith. The ground wWas 
covered with ice and ſnow, and the atmo- 
ſphere was ſo hazy, that the houſes. at 2 
mile diſtance could not be perceived. The 
wind was ſouth-eaſt by ſouth, and juſt ſuf- 
ficient to raiſe the kite, which was raiſcd 
3 ji 
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u three O clock P. M. with one hundred 
and twenty- four yards of ſtring, and kept 
up till half an hour after midnight. When 
the kite was firſt raiſed. it began to thaw, 
but as ſoon as it was dark it begaft to freeze 
again very hard. The Electricity was po- 
itive, and pretty ſtrong, the index of the 
electrometer being about 13'. At half paſt 
four.,o'clock I let, out thirty-four yards 
more of ſtring, ſo that all the ſtring the kite 
now had, was one hundred and fifty- eight 
yards, -, With this addition of ſtring. the 
Electricity increaſed, ſo that the index 
of the electrometer — to 17, » At 
half after five o'clock the wind began to 
increaſe, and the Electricity to decreaſe, 
until the index of the electrometer arrived | 
0 6. At three quarters paſt ſix o'clock 
the index of the electrometer Was about 
13, and at ſeven 0 clock it arrived to 20* ; 
tie wind being now quite caſt, At, 2 

quarter paſt ſeven o'clock the. index 0 of the 
clectrometer was, ahout 25. From this 
tine the wind and the Electricity began 
bath to deereaſe, that at nine o clock the 
index of the eleckrometer was about 19. 
at eleven. o'clock. 0 en increaled,, At 


twelve 
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twelve o'clock the wind was very ſtrong, 
and the index of the electrometer was 
about 65. At half paſt twelve o'clock the 
index of che electrometer was between z 
and 4˙½ but the wind being grown very 
violent, the ſtring broke very near the 
| nn n che kite. 


OF 4 


N. B. A e minutes later che kite wa 
| Toft, ir began w ow — 


TE the 26th,”* The froſt bein very 
intenſe, as it had been for about three 
weeks; and actually ſnowing, T raiſed the 
Kite, with fevenry yards of ſtring; but be- 
fore the ſtring was inſulated; it ceaſed to 
ſhow, and the weather began to clear vp, f inc 
and ſoon became very ſerene. The Flec- WM no: 
" tridfty was poſitive, and very ſtrong. the WW wwe: 
' index of the electrometer being about 32. WM iti 
"At eleven o' clock tlie ſtring broke, and the | 
Kite fl" after having been up for” aborc K 
three Jochtere af an Hour. of - 
[53+ XI Au das ba. 99 W- a 
IM Februar) the 1th, 1996. The 5 . h 
being g Aoudy, rainy, and ſo hazy, that they bon 
boat Half * mille diftatice could not be 

2 2 diſcerned, 
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diſcerned, the kite was raiſed at three 
quarters paſt eleven lock A. M,. with 
one hundred and ſeventy five yards of 
ſtring. The wind was pretty ſtrong; the 
Electrieity was negative, and alſo ſtrong ; 
the index of the electrometer being about 
20˙.g Ia about five minutes time the rain 
ceaſed; the wind weakened, and ſhifted a 
little towards the ſouth; and the Electri- 
city : changed from negative to poſitive. 
The index of the electrometer was now 
about 1 5˙. In two or three minutes time, 
it began to rain again, and gontinued 10 
for che greateſt part of that day; the wind 
became very weak, and the Electricity 
changed again from poſitive to, negative; 
and continued ſo till half an hour; after 
noon ; at which time the wind c hecame ſo 
weak that I was obliged to quan the 
dite n ac T * 1 1 1 Sf vil 

„bub 24 

rab ih Pris Te ly being ful 
of pretty well defined clauds, and, the 
wind weſta north it, the kite Ass raiſed 
it half paſt: threel O ock P. M. with one 
bundred and ſeventy-five. yards of, ſtring. . 

be 6 BleAviclty: was poſitiye and Krotigs 
Ce 2 the 
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the index of the electrometer going from 
o' to 20% » At three quarters paſt three 
o'clock a denſe cloud paſſed over the kite, 
which occaſioned the index of the electro- 
meter to deſcend to 4. As the cloud 
went away, the electrometer elevated its 
index. At four o'clock the kite was 
g . down. 

Abr the sch, e The . was 
clear, and the northern light very ſtrong, 
The kite was raiſed for a few minutes at 
nine o'clock P. M. with one hundred and 
ſeventy-five” yards of ſtring, the wind 
being north- north-weſt, and pretty ſtrong. 
The Electricity was poſitive, and, as J 
could judge, the index of the electrometer 
would have arrived to 1 5 


May the I5th, 1976, The weather 
being cloudy, and the wind north, the kite 
was raiſed at three o'clock P. M. with one 
hundred and ſeventy: yards of ſtring. The 
Electricity was at firſt exceedingly weak, 
and, as I imagine (for I had not time to 
examine it) poſitive. But a denſe cloud 


Falling over the the Electricity a- 
niſhed; , 


— 


tet 
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iſhed ; and, as a few drops of rain fell, a 
very weak negative Electricity appeared, 
which ſoon increaſed, ſo as to cauſe the 
index of the electrometer to arrive to 1 5. 
The rain, however, in a few minutes 
ceaſed, and the Electricity gradually de- 
creaſed and vaniſhed: A very weak poſi- 
tive Electricity immediately took place; 
but, as another denſer cloud paſſed over, 
and a few very ſmall drops of rain fell, the 
poſitive Electricity vaniſhed, and the ne- 
gative took place. The cloud and rain 
ſoon went off, and the Electricity be- 
came again poſitive, and continued ſo till 
the kite was pulled down. According as 
the clouds, which paſſed continually over 
the kite, were thinner or thicker, ſo the 
Electricity was more or leſs intenſe; ſome- 
times cauſing the index of the electrome- 
ter to arrive to .5*, and at other times 
being ſcarce perceiveable with the cork- 
ball electrometer. At five o'clock the 
kite was pulled in, the weather being then 
pretty clear, and the index of the clectro- 
meter at 3. The wind, during this expe- 
riment, was. ſtronger or weaker, according 


u the clouds which paſſed over were 
Cc 3 thicker 
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thicker. or thinner. At half paſt ſeven 
o clock in the evening of the ſame day, 
the kite was raiſed again, with the ſame 
length of ſtring, the wind being then ra- 
ther ſtrong, and the weather pretty clear. 
The Electricity was poſitive, and the index 
of the electrometer ſtood: at 107; but as 
ſome clouds came from the north, the 
Electricity began to decreaſe, and by eight 
o' clock it juſt ſeparated the balls of an 
electrometer, the hemiſphere being then 
entirely cqyered by clouds. At half paſt 
eight o'clock! the kite was pulled down, 
the clouds over the kite being then very 


mie and the index of * electrometet 
at 5". 


"OL the 4th, 1776. The weather being 
cloudy, and the wind on the ſouth · ſouth 
weſt, the kite was raiſed at one o'clock 
P. M. with one hundred and ſeventy yards 
of | ſtring. + The Electricity was poſitive, 
and the index went from '1*'to . At 
three quarters paſt one o clock the clouds 
began to be diflipated, and the Electricity 
increaſed alittle, At foo 0 om 5 kite 


Was potted; in, 2 
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June the 17th. The weather being 
doydy, and the wind ſouth-weſt, the kite 
was raiſed at five o'clock P. M. with one 
hundred, and ſeventy yards of ſtring. The 
Electricity was poſitive, and the index of 
the electrometer went from 10 to 167. 
In this experiment the clouds, whether 
thicker or thinner, ſeemed to have no ef- 
ſet. upon the Electricity of the kite. At 
2 quarter paſt fix o'clock the kite waz 
pulled in. | 

June the zoth. The 8 being 
cloudy, and the wind eaſt, and juſt ſuf- 
ficient, the kite was Faiſed at three quar- 
ters paſt three P. M. with one hundred 
and Teyenty yards of ſtring. The Electri- 
city was poſitiye, and the wy 7 the 
tlectrometer ſtood about 8˙. five 
o clock the weather began to 1 MN and 
the Electricity to increaſe ; ſo that in half 
an hour's time, the index of the electro- 
meter arrived to 17* ; and at fix o'clock it 
ſtood at 25". But the wind ſuddenly fail 
Ing out this time, the Eite * F 


January the 8th; 1777. The weather 
Cc4 being 
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being froſty and clear, and the wind north, 
and pretty ſtrong, the kite was raifed at 
four o'clock P. M. with one hundred and 
ſeventy .yards of ſtring. The Electricity 
was poſitive and ſtrong, the index of the 
electrometer being at 367. The ſpark taken 
from the ſmall prime Conductor was re- 
markably pungent in this experiment, al- 
though it was hardly a quarter of an inch 
long. At a quarter paſt: five o'clock the 
kite was pulled in. 


General Laws, deduced from the Repei 
performed with the electrical Kites. 


I. The air appears to be electrified at all 
times; its Electricity is conſtantly poſitive, 
and much ſtronger in froſty, than in warm 
weather *; but it is by no means leſs in 
the night than in the day- time . 
| | II. The 


My obſervations upon the Electricity of the at- 
moſphere have been made in almoſt every degree of 
temperature, from 15* to 80 of FARENHEIT'S ther- 
mometer. 

+ In all my experiments, it b 0 only once 
that the ſtring of the kite gave no ſigns of Electri- 


city z it was one afternoon, when the weather was 
8 warm, 
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II. The preſence of the clouds generally 
leflens the Electricity of the kite: ſome- 
times it has no effect upon it ; and it is 
very ſeldom that it increafes it a little. 


III. When it rains, the Electricity of 
the kite is generally negative, and N * 
dom IIa 


IV. The aurora borealis ſeems not to 
affect the Electricity of the kite. 


v. The electrical Fark taken from the 
ſtring of the kite, or from any inſulated 
Conductor connected with it, eſpecially 
when it does not rain, is very ſeldom 
longer than a quarter of an inch; but it is 
exceedingly pungent. When the index of 
the ele&rometer is not higher than 20), 
the perſon that takes the ſpark will feel 


warm, and the wind ſo weak, that the kite was raiſed 
with dificulty, and could hardly be kept up for a few 
minutes ; in the evening, however, the wind, which 
in the day-time had been north-weſt, ſhifted. to the 
north-eaſt, blowing a little ſtronger ; I then raiſed the 
kite again, being half paſt ten o'clock, and obtained, 
3 uſual, a pretty ſtrong poſitive Eledricity. _. © 
A the 
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the effect of it ig his legs; it appearing 
more like the — of an electric jar, 
than the ſpark taken from the prime Con- 


VI., The Electricity of the kite is in 
general ſtronger: or weaker, according as 
the ſtring is longer or ſhorter; but it does 
not keep any exact proportion to it : the 
Hlectricity, for inſtance, brought down by 
a ſtring of a hundred yards, may raiſe the 
index of the ele&rometer to 20“; when, 
With double.that length of ſtring, the in- 
dex of the as will not 05 higher 
than 255 VA | 


Vu. When the weather is damp, and 
the Electricity is pretty ſtrong, the index 
of the electrometer, after taking a ſpark 


from the ſtring, or preſenting the knob gf 
a coated phial to it, riſes ſurpriſingly quick 


to its uſual place; but in dry and warm 
| Nr it riſes Aa. flow. 


Tele few laws are, in hort, the deduc- 


tion of all my experiments performed with 
the kites, during the courſe of about two 


Years. 8. 
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years. How far they may. be of uſe, or 
may coincide-with the abſeryations of other 
experimentators, I will not pretend. to fay. 
My experiments have been performed. at 
Iſlington, and perhaps the reſult of ſimilac 
ones may be different at other places, eſpe- 
cially under different climates ;_ I wiſh, 
therefore, that they may be accurately re- 
peated in other places, and their reſult 
may be compared together; in order to de- 
termine, if poſſible, ſomething ſatisfactory, 
relative. to the cauſe of that perpetual 
Electricity which exiſts in the atmoſphere, 
and which, very N e the 
Electricity of the clouds. 
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Ach performed with oy Atmoſdberi: 
cal Electrometer, and: the rede yn, 
Mx. - ptr di died bon: a 


1 6. A of Plate III. jos ph a very 
fimple. inſtrument, which I have 
e for the pur poſe of making obſer= 
vationy 
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vitions on the Electricity of the atmo- 
ſphere; and which, on ſeveral accounts, 
ſeems tö be the moſt uſeful" for that pur- 
2 AB is common jointed fiſhing- 

8d, without the laſt or ſmalleſt joint. 
From the extremity of this rod proceeds a 
fetder plaſs tube C, covered with ſealing- 
wax, and having a cork D, at its end, 

fröm which a pith-ball electrometer is 
ſuſpended. HGT is a piece of twine faſ- 
tened to the other extremity of the rod, 

and ſupported at & by a ſmall ſtring F G. 

At the end I of the twine à pin is faſtened, 

which, when puſhed into the cork D, 
_ renders the electrometer E uninſulated. 


When I would obſerve the Electricity 
of the atmoſphere with this inſtrument, I 
thruſt the pin; I into the cork D, and 
holding the rod by its lower end A, pro- 
ject it--out from à window in the upper 
part of the houſe into the air, raiſing the 
end of the rod with the electrometer, ſo as 
to make an angle of about 50. or 60˙ with 
the horizon. In this fituation F keep the 
inſtrument for 4 few ſeconds; and then 
Pullin g the twice at H, I difengage the pin 
107120 ; | 6d 
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from the cork-Dz which: operation cauſes 
the ſtring to drop in the [dotted ſituation 
K L, and leaves the electrometer inſulated 
and electrified, with an Electticity contrary: 
to that of the atmoſphere. This done, 
draw the inſtrument into the room, and 
examine the quality of the Electriqity. 
without obſtruction cither- E wind or 
darkneſs. * l bis; ban mu A Ut 
bol 21 1 1¹ 

Wich this anne 1 3 ks oh- 
ſervations on the Electricity of the atmo+ 
ſphere, ſeveral times in a day for ſeveral 
months, and from them I have dednęed 
the following general obſervations, which 


ſeem to coincide with ro. made with the 
eleckrical kites. ach ni do Atem 
| 2019 207 no 


I; That there; 1s * 8 
all times, a quantity of Electricity for, 
whencyer I uſe the above-deſcribed jnſtruy 
ment, it er, , Het: Electri- 
n e113 . Via 514 2113 dne 

| Nam det 111138 003,10 

U. That * EleQuicity of the akmgy 
ſphere, or fogs, is always of the ſame 
kind, namely poſitive ; for the electrometer 

| 73 


— 
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is always negative, except when it is evi - 
Gently influenced by heavy clouds near the 
zenith; as appears by the obſervations 
made the 19th of October, in the follow- 
ing ſpecimen —_— — 12. 10 2 
Das (1 Wia 50) 
III. That 10 dard thentroigeſt Elec- 
tricity is obſetvable in thick fogs, and alſo 
in froſty weather; and the weakeſt, when 
it is cloudy, warm, and very near raining: 
but it does not ſeim co n Hrs than 
nth e A act 
[339 10% vel n ni 2omit bs | 
5 10 That in a more Wee ee 
Electricity is ſtrongei chan in a lower one 
for, having tried the atmofpherical electro- 
meter, both in the ſtone and icon gallery 
on the cupola of St. Paul's Cathedral, I 
Found that the balls diverged: much more 
in the latter than in the former” leſs! ele- 
vated place: henee it appears, that; if this 
rule daes place at any diftarice from the 
earth, the Electricity in the upper regions 
of the atmoſphere muſt be exceeding? 
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* he elerometer for the rain, in prin- 
ciple is nothing more than an inſulated 
inſtrument to catch the rain, and by a pith- 
ball electrometer to ſhew the quantity and 
u of its * 


— — — —— — 


| '1 Fig. 2. I" Plate II, * an inſtru- 
ment of this kind, which I have frequem- 
ly uſed, and after ſeveral obfervations, have 
found” to anſwer very well. ABCI is a 
ſtrong glaſs tube about two feet and a half 
long; having a tin funnel, D E, cemented to 
its extremity, which funnel defends part of 
the tube from the rain. The outſide ſur- 
face of the tube from A to B. is covered 
with ſealing- wax; ſo alſo is the part of it 
which i is covered by the funnel. F is a 
| piece of cane, round which ſeveral braſs 
wires are twiſted in different directions, ſo 
as to catch the rain eaſily, and at the ſame 
time to make no reſiſtance to the wind. 
This piece of cane is fixed into the tube, 
and a flender wire proceeding from it goes 
through the: bore of the tube, and commu- 
nicates with the ſtrong wire A G, which is 
thruſt into a piece of cork faſtened to the 
end A of the tube. The end G of the 

$55 x | I 
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wire A G is formed into a ring, from which 
I ſuſpend a more or leſs ſenſible pith-ball 


electrometer, as occaſion requires. 


This inſtrument is faſtened to the fide 
of the window-frame, where it is ſupported 
by ſtrong braſs hooks at C B, which part 
of the tube is covered with a filk lace, in 
order to adapt it better to the hooks. The 
part FC is out of the window, with the 
end F a little elevated above the horizon. 
The remaining part of the inſtrument 
comes through a hole in one of the lights of 
the ſaſh, within the room, and no more of 
it touches the ſide of the window than the 
part C B. | 


When it rains, eſpecially in paſſing 
ſhowers, this inſtrument, ſtanding in the 
ſituation above deſcribed, is frequently 
electrified; and, by the diverging of the 
electrometer, the quantity and quality of 
the Electricity of the rain may be obſerved, 
without any danger of a miſtake. With 
this inſtrument I have obſerved; that the 
ran is generally, though not always, elec- 
tnhed negatively, and ſometimes ſo ſtrong- 

Dd ly 
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ly that I have been able to charge a ſmall 
coated phial at the wire A G. 


This inſtrument ſhould be fixed in ſuch 

a manner, that it may be eaſily taken off 
from the window, and replaced again, as 
occaſion requires; for it will be neceflary 
to clean it very often, particularly when z 
ſhower of rain is approaching. 


I ſhall conclude this chapter with the 
deſcription of a pocket electrometer, fig. 5 
and 6. of Plate III. that I have lately con- 
ſtructed, and which, on ſeveral accounts, 
ſeems /preferable to thoſe of the moſt ſen- 
fible ſort now in uſe. The caſe, or handle 
of this electrometer is formed by a glals 
tube, about three inches long, and three- 
tenths of an inch in diameter, half of 
which is covered with ſealing-wax. From 
one extremity of this tube, i. e. that with» 

Hut ſealing- wax, a ſmall loop of ſilk pro- 
ceeds, which ſerves occaſionally to hang the 
electrometer on a pin, &c. To the othe! 
extremity of the tube a cork is adapted, 
which, being cut tapering on both. ends, 


can fit * mouth of the tube with * 
en 
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end. From one extremity of this cork, 
two linen threads proceed, a little ſhorter 
than the length of the tube, ſuſpending 
each a little cone of pith of elder. When 
this electrometer is to be uſed, that end of 
the cork which is oppoſite ta the threads 
is puſhed into the mouth of the tube; 
then the tube forms the inſulated handle 
of the pith electrometer as repreſented fig. 


6. Plate III. But when the electrometer is 


to be carried in the pocket, then the 
threads are put into the tube, and the cork 
ſtops it, as repreſented fig. 5. The pecu- 
liar advantages of this electrometer are, its 
convenient ſmall ſize, its great ſenſibility, 
and its continuing longer in good order 
than any other I have yet ſeen. 


Fig. 4. of Plate III. repreſents a caſe to 
carry the above-deſcribed electrometer in. 
This caſe is like a common tooth-pick. caſe, 
except that it has a piece of amber fixed on 
ane extremity A, which may occaſionally 
ſerre to clectrify the electrometer nega- 


rely, and on the other extremity it has a - 


piece of ivory faſtened upon a piece of am- 
der BC. This amber B G ſerves only to 
D d 2 inſulate 
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inſulate the ivory, which, when inſulated, 
and rubbed againſt woollen cloths, acquires 
a poſitive Electricity; andit is therefore uſe- 


ful to electrify the electrometer poſitively. 


Raped — with the Electropborus, 
commonly called a Machine for exhibiting 
"NI n 


N fig. 9. of Plate HI. there are repre- 
ſented ſome Plates, commonly cal- 
led the Machine for exhibiting perpetual 
Electricity, or the Electropborur. This 


machine conſiſts of two plates, one of 


Which, B, is a circular glaſs plate, covered 
on one fide with ſome ſulphureous or re- 
ſinous electric, moſt commonly with 2 
compoſition made of equal parts of roſin, 
ſhell-lac, and ſulphur; the other plate A, 
is a braſs plate, or a board covered with tin- 
foil, which is nearly of the ſame dimen- 
ſions as the electric plate, and it is. fur- 


'niſſied with a = handle I, which, by 


means 


| 
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means of a braſs or wooden ſocket, is ſcrew- 
ed into its center. This machine is the 
invention of an Italian philoſopher (Ms. 
Vor rA of Como) and its uſe is s the fol- 
lowing : 


Firſt, the plate B is excited, by rubbing 
its coated fide with a piece of new white 
fannel, and when excited as much as poſ- 
ible; is ſet upon the table with the coated 
ide uppermoſt. Secondly, the metal plate 
is laid upon the excited electric, as repre- 
ſented in the figure. Thirdly, the metal 
plate, is touched with the finger or an 
other Conductor, which, on touching th 
plate, receives a ſpark from it. Laſtly, the 
metal plate A, being held by the extre- 
nity of its glaſs handle I, is ſeparated from 
the electric plate; and, after it is elevated 
above that plate, it will be found ſtrongly 
clectrified, with an Electricity contrary to 
that of the electric plate, in which caſe it 
will give a very ſtrong ſpark to any Con- 
ductor brought near it. By ſetting the 
metal upon the electric plate, touching it 
vith the finger, and ſeparating it | ſuc- 
n a great number of ſparks may be 
D d 3 obtained 
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obtained apparently of the ſame ftrength, 


and that without exciting again the electric 
plate. If theſe ſparks are repeatedly given 

to the knob of a coated phial, this wil 
| dare become charged. 


The action of theſe plates depends upon 
a principle long ago diſcovered, viz. the 
power that an excited electric has to in- 
duce a contrary Electricity in a body 
brought within its ſphere of action; the 
metal plate, therefore, when ſet upon the 
excited electric, acquires a contrary Elec- 
tricity, by giving its electric fluid to the 
hand, or other Conductor that touches it, 
when ſet upon a plate poſitively electriſied; 
or acquiring an additional quantity of fluid 
from the hand, &c. when ſet ypon a plate 
electriſied negatively, 


As to the continuance' of the virtue of 
this electric plate, when once excited, with- 
out repeating the excitation, I think there 
is got the leaſt foundation for believing it 
. perpetual, as ſome perſons have ſup- 
poſed it being nothing more than an ex- 
cited electric, it muſt gradually loſe its 

3 | power 
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power, by imparting continually ſome of 
its Electricity to the air, or other ſub- 
ſtances contiguous to it. Indeed its Elec- 
tricity, although it could never be proved 
to be perpetual by experiments, laſts a very 
long time, it having been obſerved to be 
pretty ſtrong ſeveral days, and even weeks 
after excitation. The great duration of the 
Electricity of this plate, I think, depends 
upon two cauſes: firſt, becauſe it does not 
loſe any Electricity by the operation of 
putting the metal plate upon it, &c. z and 
ſecondly, becauſe of its flat figure, which 
expoſes it to a leſs quantity of air, in com- 
pariſon with a ſtick of ſealing-wax, or the 
like, 'which being cylindrical, expoſes its 
ſurface to a greater quantity of air, which 
is continually robbing the excited ele&rics 
of their virtue. 


9 


The firſt experiments that I made rela- 
tive to this machine, were with a view to 
diſcoyer which ſubſtance would anſwer beſt 
for coating the glaſs plate, in order to pro- 
duce the greateſt effect. I tried ſeveral 
ſubſtances either ſimple or mixed, and at 
laſt I obſerved, that the ſtrongeſt in power, 

Dd 4 . 
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as well as the eaſieſt I could conſtrue, de 
were thoſe made with the ſecond ſort of lil 
ſealing-wax *, ſpread upon a thick plate of pe 
glaſs f. A plate that I made after this th 


manner, and no more than ſix inches in th 
diameter, when once excited, could charge th 
a coated phial ſeveral times ſucceſſively, fo to 


ſtrong as to pierce a hole through a card du 
with the diſcharge. Sometimes the metal 

plate, when ſeparated from it, was fo 

ſtrongly electrified, that it darted ſtrong Il 
flaſhes to the table upon which the an 
electric plate was laid, and even into the 
air, beſides cauſing the ſenſation of the ſpi - 


on 
It is remarkable, that ſometimes they will not act it 
well at firſt ; but they may be rendered very good, by tric 
. feraping with the edge of a knife the ſhining or gloſ- up 
ſy ſurface of the wax. This ſeems analogous to the kt 
well-known property of glaſs; which is, that new cy- 
lingers or globes, made for electrical purpoſes, are tha 
often very bad electrics at firſt, but that they improve and 
by being worked, i. e. by having their ſurface a little plat 
worn. Paper alſo has this property. wol 
+ I have lately ſeen ſome of thoſe plates, conſtrudted 0 
by Mr. G. Ap Aus, which acted exceedingly well; e 
and they were made with a compoſition of two parts ſure 
of ſhell- ae, and one part of Venice tuspentine, withs, plat 


out any glaſs plate, 


der's 
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der's web upon the face brought near it, 
like an electric ſtrongly excited. The 
power of ſome of my plates is fo ſtrong, 
that fometimes the electric plate adheres to 
the-metal, when this is lifted up; nor will 
they ſeparate, even if the metal plate is 
touched with the finger, or other Con- 
dactor. 2 ; ky 


If, after having excited the ſealing-wax, 

I lay the plate with the wax upon the table, 
and the glaſs uppermoſt, i. e. contrary to 
the common method, then, on making the 
uſual experiment of putting the metal plate 
on it, and taking the ſpark, &c. I obſerve 
it to be attended with the contrary Elec- 
tricity ; that is, if I lay the metal plate 
upon the electric one, and while in that 
ſituation touch it with an inſulated body, 
that body acquires the poſitive Electricity, 
and the metallic, removed from the electric 
phate, appears to be negative; whereas it 
would become poſitive if laid upon the ex- 
cited wax, This experiment, I find, an- 
lwers in the fame manner, if an electric 
plate is uſed which has the ſealing-wax 
| coating 
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coating on both ſides, or one of Mr. 


ADams's, which has no glaſs plate. 


If the braſs plate, after being ſeparated 
from, be preſented with the edge toward 
the wax, lightly touching it, and thus be 
drawn over its ſurface, I find that the 
Electricity of the metal is abſorbed by the 
ſealing-wax, and thus the electric plate 
loſes part of its power; and if this opera- 
tion is repeated five or fix times, the elec- 
tric plate loſes its power intirely, ſo that a 
new excitation is neceſſary in order to re- 
vive it. 1 


If, inſtead of laying the electric plate 
upon the table, it is placed upon an electric 
ſtand, ſo as to be accurately inſulated, then 
the metal plate ſet on it acquires ſo little 
Electricity that it can only be diſcovered 
with an electrometer; which ſhews, that the 
Electricity of this plate will not be con- 
ſpicuous on one fide of it, if the oppoſite 
fide is not at liberty either to part with, 
or acquire more of the electric fluid. In 
conſequence of this experiment, and in or- 


der to aſcertain how the oppoſite ſides of 
— e 


r 


. 


m 
G 
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the electric plate would be affected in dif- 
ferent circumſtances, I made the following 


experiments: 


Upon an electric ſtand E, fig. 9. Plate 
III. I placed a circular tin plate, nearly ſix 
inches in diameter, which by a ſlender 
wire H communicated with an electrometer 
of pith- balls G, which was alſo inſulated 
upon the electric ſtand F. I then placed 
the excited electric plate D, of ſix inches 
and a quarter in diameter, upon the tin 
plate, with the wax uppermoſt, and on re- 
moving my hand from it, the electrometer 
G, which communicated with the tin 
plate, i. e. with the under ſide of the electric 
plate, immediately opened with negative 
Electricity. If, by touching the electro- 
meter, I took that Electricity off, the elec- 
trometer did not afterwards diverge. But 
if now, or when the electrometer diverged, 
I preſented my hand open, or any other 
uninſulated Conductor, at the diſtance 'of 
about one or two inches, over the electrio 
plate, without touching it, then the pith- 
balls diverged; or if they diverged before, 
came together, and immediately diverged 
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again with poſitive Electricity; I removed 
the hand, and the balls came together ;— 
approached the hand, and they diverged; 
and ſo on. 

If, while the pith- balls diverged with ne- 
gative Electricity, I laid the metal plate, 
holding it by the extremity K of its glaſs 
handle, upon the wax, the balls came, for 
a little time, towards one another, but 
ſoon opened again with the ſame, i. e. ne- 
gative Electricity. 


If, whilſt the metallic reſted upon the 
electric plate, I touched the former, the 
eleftrometer immediately diverged with 
poſitive Electricity, which if, by touching 
the electrometer, I took off, the electro- 

meter continued without divergence.— 
I touched the metal plate again, and the 
electrometer opened again; and ſo on for 
a conſiderable number of times, until the 
metal plate had acquired its full charge. 
On taking now the metal plate up, the 
electrometer G inſtantly diverged with 
ſtrong negative Electricity? e 
13) Witali ib fy 


Ginge 10 1 repeated 
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I repeated the above - deſcribed experi- 
ments with this only difference in the diſ- 
poſition of the apparatus, f. e. I laid the 
electric plate D, with the excited ſealing- 
wax, upon the circular tin plate, and the 
glaſs uppermoſt ; and the difference in their 
reſult was, that where the Electricity had 
been poſitive in the former diſpoſition of 
the apparatus, it now became negative, and 
vice verſa ; except that, when I firſt laid 
the electric plate upon the tin; the elec- 
trometer G diverged with negative Elec- 
tricity, as well in this as in the other diſ- 
poſition of the apparatus. | | 


I repeated all the above experiments with 
an electric plate, which, beſides the ſealing- 
wax coating on one fide, had a ſtrong coat 
of varniſh -on the other ſide; and their re- 
ſult was ſimilar to that of thoſe made with 
the W — ; D 
ACK to the plette of Ala iger 

ments, they ſeem to depend upon theſe 
two well-known principles, viz. that 2 
body brought within the ſphere of action 
of an electrified body, does actually acquire 
| 9 the 
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the contrary Electricity; and that the exiſt- 
ence of one kind of Electricity upon the 
furface of a ſubſtance whatever, cauſes the 
exiſtence of the contrary Electricity upon 
ſome other ſubſtance near it. | 
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. Experiments an Colours, 


TTAVING accidentally obſerved that 

an electric ſhack, ſent over the ſur- 
face of a card, marked a black ſtroke upon 
a red ſpot of the card, I was from this in- 
duced to try what would be the effect of 
ſending ſhocks over cards painted with dif- 
ferent water - colours; accordingly, I paint- 
ed ſeveral cards with almoſt every colour 
I had, and ſent ſhocks * over them, when 
they were very dry ; making uſe of the uni- 
verſal difcharger, fig. 5. Plate I. The ef⸗ 
feRts were as follow: | 
The force generally employed was the full charge 
of one foot and a half of coated glaſs, 


Vermilion 
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Vermilion was marked with a ſtrong 
black track, about one-tenth of an inch 
wide. This ſtroke 1s generally fingle, as 
repreſented by A B, fig. 7. of Plate III; 
ſometimes it is divided in two towards the 
middle, like E F; and ſometimes, particu- 
larly when the wires are ſet very diſtant 
from one another, the ſtroke is not con- 
tinued, but interrupted in the middle, like 
G H. It often, although not always, hap- 
pens, that the impreſſion is marked ſtrong- 
er at the extremity of that wire from 
which the electric fluid iſſues, as it appears 
at E, ſuppoſing that the wire C commu- 
nicates with the poſitive ſide of the jar; 
whereas the extremity of the ſtroke, con- 
tiguous to the point of the wire D, is 
neither ſo ſtrongly marked, nor ſurrounds 


the wire ſo much as the other extremi- 
J E. 


Carmine received a faint and ſlender im- 
preſſion of a purple colour. 


Verdigriſe was ſhook off from the ſur- 
face of the card, except when it had: been 
ö. mixed 
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mixed with ſtrong gum- water, in which 
caſe it received a very faint impreſſion. 


White lead was marked with a ſtrong 
black track, not fo broad as that an ver- 
milion. 


Red lead was marked with a faint mark, 
much like carmine. 


The other colours I tried, were orpi- 
ment, gambodge, ſap-green, red-ink, ul- 
tramarine, Prufhan blue, and a few others, 
which were compounds of the above ; but 
they received no impreſſion. 


It having been inſinuated, that the ſtrong per 
black mark, which vermilion receives from and 


the electric ſhock, might poſſibly be owing Il tic 
to the great quantity of ſulphur contained 
in the mineral, I was induced to make the 
following experiment :—I mixed together WF ; 


equal quantities of orpiment and flow! BY lng. 
of ſulphur, and with this mixture, by the oil, wi 
| Help, as uſual, of very diluted gum-water, Y ſh 
1 painted a card; but the electric ſhock Uu 
ſent over it left not the leaſt impreſſion. LXV] 


Deſirous 
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Deſirous of carrying this inveſtigation on 
colours a little further, with a particular 
view to determine ſomething relative to the 
properties of lamp-black and oil ®, I pro- 
cured ſame pieces of paper painted on both 
fides with oil colours, and, ſending the 
charge of two feet of coated glaſs over each 
of them, by making the interruption of the 
circuit upon their ſurfaces, I obſerved that 
the pieces of paper painted with lamp- 
black, Pruſſian-blue, vermilion, and pur- 
ple brown, were torn by the exploſion, but 
white lead, Naples yellow, Engliſh ochre, 
and verdigriſe remained unhurt. 


The ſame ſhock ſent over a piece of pa- 
per painted very thickly ' with lamp-black 
and oil left not the leaſt impreſſion. I ſent 
the ſhock alſo over a piece of paper. un- 


It has often been obſerved, that when the light- 
bing has ſtruck the maſts of ſhips, it has paſſed over 
uch parts of the maſts which were covered with 
lamp-black and tar, or painted with lamp-black and 
al, without the leaſt injury, at the ſame time that it 
has ſhivered the uncoated parts, in ſuch a manner as 
to render the maſts uſeleſs. For a particular account 


ot ſuch facts, ſee the Phil. Tranſ. vol. XLVIII. and 
LXVII. | | 


E e 8 equally 
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equally painted with purple brown, and the 
paper was torn where the paint laid very 
thin, but remained unhurt where the paint 
was evidently thicker. Theſe experiments 
I repeated ſeveral times, and with ſome 
little variation, which naturally produced 
different effects; however, they all ſeem to 
point out the following propoſition, 


I. A coat of oil paint, over any ſubſtance, 
defends it from the effects of ſuch an elec- 
tric ſhock, as would otherwiſe injure it; 
but by no means defends it from any elec- 
tric ſhock whatever. II. No one colour 
ſeems preferable to the others, if they are 
equal in ſubſtance, and equally well mixed 
with oil ; but a thick coating does certainly 
afford a better defence than a thinner 
one. 


By rubbing the above-mentioned pieces 
of paper, I find that the paper painted with 
lamp-black and oil is more eaſily excited, 
and acquires a ſtronger Electricity, than 
the papers painted with the other colours; 


and perhaps on this account it may be, that 
lamp- 
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lamp- black and oil might reſiſt the ſhock 
ſomewhat better than the other paints. 


It is remarkable, that vermilion re- 
ceives the black impreſſion, when painted 
with linſeed-oil, nearly as well as when 
painted with water. The paper painted 
with white lead and oil, receives alſo a 
black mark; but its nature is very ſingular. 
The track, when firſt made, is almoſt as 
dark as that marked on white lead, painted 
with water, but it gradually loſes its black- 
neſs, and in about one hour's time (or 
longer, if the paint is not freſh) it appears 
without any darkneſs; and when the painted 


paper is laid in a proper light, appears only 


marked with a colourleſs track, as if made 
by a finger-nail. I ſent the ſhock alfo 
over a piece of board, which had been 
painted with white lead and oil about four 
years before, and the exploſion marked the 
black track upon this alſo; this track 
however was not ſo ſtrong, nor vaniſhed 
lo ſoon as that marked upon the painted 
paper, but in about two ane time ĩt alſo 
vaniſhed intirely. 


Ee 2 CHAP. 
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Bſerving that a ſtrong ſpark may be 

obtained from the metal plate be- 
longing to Mr. VoLTA's machine, deſcrib- 
edin the fourth chapter of this Part, when 
not the leaſt ſpark can be obtained from 
the electric plate itſelf, I was naturally in- 
duced to make uſe of the above-mentioned 
metallic plate, to diſcover the Electricity 
of very weak electrics; which otherwiſe 
would be either inobſervable, or ſo ſmall as 
not to permit its quality to be aſcertained. 
Accordingly I conſtructed ſeveral ſuch 
plates of different ſizes, beginning from 
that of a common metal button faſtened 
upon a ſtick of ſealing-wax ; and by uſing 
them, I obtained a very ſenfible Electricity 
from the hairs of my legs, when ſtroked, 
and of my head, or any part that I have 
tried of my body, or the head of almoſt any 
other perſon. 
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In this manner I obtain ſuch ſtrong ſparks 


from the back of a cat, a hare's ſkin, a 


rabbit's ſkin, a piece of flannel, or of pa- 
per, that I can preſently charge a coated 
phial with either of thoſe, and ſo ſtrongly, 
as to pierce a hole through a card with its 


diſcharge. 


I have often obſerved that, when ſtrok- 
ing a cat with one hand, and holding it 
with the other, I feel frequent ſmart prick- 
lings on different parts of that hand, which 
holds the animal. In theſe circumſtances 
rery pungent ſparks may be drawn from 
the tips of the ears of the cat. 


Smooth glaſs rubbed with a rabbit's ſkin, 


dry and warm, acquires, I find, the nega- 
ive Electricity; but if the ſkin is cold, the 
glaſs is excited poſitively. Sometimes 
ſmooth glaſs may be excited negatively with 
new white flannel, clean and dry, and alſo 
with a hare's ſkin. 


Obſerving the ſtrong electric power of 
new white flannel, I thought that a piece 
of it, rolled round the globe of an electrical 

E e 3 machine, 
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machine, would perhaps give a ſtronger 
Electricity to the prime Conductor than 
the glaſs itſelf. In order to try the truth 
of my ſuppoſition, I tied a large piece of 
flannel, dry and warm, round the globe of 
the machine, and for a rubber, I applied 
the palm of my hand; then turned the 
winch, firſt ſlowly, and afterwards briſkly; 
but, contrary to my expectation, the Elec- 
tricity at the prime Conductor, although 
poſitive, was ſo weak, that the index of the 
quadrant electrometer was not moved from 
its perpendicular ſituation. Surpriſed at 
this event, I reſolved to take off the appara- 
tus ; but I was more ſurpriſed, when, on 
removing the flannel from the globe, the 
former appeared ſo ſtrongly poſitive, that it 
darted ſeveral ſparks to my arm, and other 
contiguous bodies, and the latter remained 
ſo ſtrongly negative, that the electrometer 
upon the prime Conductor inſtantly ele- 
vated its index to about 45. This experi- 
ment being ſeveral times repeated, produced 
always the ſame effect. 


Having had occafion to coat a ten ounce 


phial for the Leyden experiment, J ſtuck 
| 2 . the 
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the braſs filings on the inſide of it with 
yarniſh, agreeable to the directions given 
by ſome writers on Electricity. This 
phial remained about a week unuſed, but 
it happened that whilſt I was charging and 
diſcharging it for ſome experiments, on 
making a diſcharge, it exploded with a 
greater noiſe than uſual, the cork with 
the wire being at the ſame time blown 
out of the neck of it. Being intent upon 
the main experiments in hand, I omitted to 
examine this phenomenon ; — I replaced 
the cork into the neck of the phial, and 
went on charging and diſcharging it again; 
but it had not been charged above three 
or four times more, when, on making a 
diſcharge, the varniſh that ſtuck the braſs 
filings was in a flame, which burnt the 
under fide of the cork, and occaſioned a 
good deal of ſmoke and flame to come out 
of the phial. Some days after, this expe- 
riment was repeated in the preſence of three 
gentlemen, well verſed in Electricity, when 
the cork with the wire was alſo puſhed 
out of the neck of the phial ; but the var- 
niſh was this laſt time ſo far burnt, that 
the braſs filings were almoſt all dropped to 
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the bottom of the phial, and had their colour 
changed by the combuſtion, 


In making ſome experiments, of a nature 
rather different from Electricity, I acciden- 
tally obſerved, that when I agitated ſome 
quickſilver in a glaſs tube, hermetically 
ſealed, and in whole cavity the air was very 
much rarefied, the outſide of the tube ap- 
peared ſenſibly electrified ; its Electricity 
however was not conſtant, nor, as I firſt 
thought, in proportion to the agitation of 
the quickſilver. Being deſirous of aſcer- 
taining the properties of ſuch tubes, I con- 
ſtructed ſeveral of them, and by means of 
two cork- ball electrometers, obſerved their 
properties ; but as they all agree in regard 
to the chief points, I ſhall only deſcribe 
one, which is the beſt of them. This 
tube is repreſented by fig. 3. of Plate III. 
Its length is thirty- one inches, and its dia- 
meter is little leſs than half an inch. The 
quickſilver in it may be about three- 
fourths of an ounce and in order to ex- 
hauſt it of air, I cloſed it while the quick- 
filver was boiling in its oppoſite end. 


Before 


ti 
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Before this tube is uſed, I make it a little 
warm, and clean it; then holding it nearly 
horizontal, I let the quickſilver in it run 
from one end of the tube to the other, by 
gently and alternately elevating and de- 
preſſing its extremities. This operation im- 
mediately renders the outſide of the tube 
electrical, but with the following remark- 
able property, viz. that end of the tube, 
where the quickſilver actually ſtands, is po- 
ſitive, and all the remaining part 1s nega- 
tive. If by elevating this poſitive end of 
the tube a little, I let the quickſilver run 
to the oppoſite end, which was negative, 
then the former inſtantly becomes nega- 
tive, and the latter poſitive. The poſitive 
end has always a ſtronger Electricity than 
the negative. If when one end of the tube, 
for inſtance A, is poſitive, i. e. when the 
quickſilver is in it, I do not take off that 
Electricity by touching it; then on ele- 
vating this end A, fo as to let the quick- 
ilver run to the oppoſite end B, it appears 
negatively electrified in a very ſmall degree. 
If by depreſſing it again it be rendered po- 
tive a ſecond time, and that poſitive Elec- 
tricity is neither taken off, then on elevat- 


ing 


426 A Coup TETE TREATISE 


ing this end A again, it appears to be po- 
ſitive in a ſmall degree: but if whilſt it is 
poſitive, its Electricity be taken off, then 
on being elevated, it appears ſtrongly ne- 
gative. 


When about two inches of each extre- 
mity of this tube is coated with tin- foil as 
it appears in the figure, that coating aſſiſts 
to render the Electricities at the extremities 
of the tube more conſpicuous, ſo that ſome- 
times they give ſparks to a Conductor 
brought near. 


In regard to the conſtruction of ſuch 
tubes (which I have made of ſeveral lengths, 
from nine to thirty-one inches) it is ob- 
ſervable, that ſome will act very well, 
while others will hardly acquire any Elec- 
tricity at all, even when they are made 
very hot. I am not yet thoroughly fatis- 
fied in reſpe& to this difference, but ſuſ- 
pect that the thickneſs of the glaſs is more 
concerned, than any thing elſe ; it appear- 
ing that a tube, whoſe glaſs is about one- 
twentieth of an inch thick, anſwers bet- 


ter than either a thicker or a thinner one. 
The 
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The following Chapter contains the ac- 
count of ſome experiments, which I 
made fince the firſt publication of this 
Book ; for which reaſon, I deemed proper 
to relate them apart, without altering 
the preceding chapters, with the con- 
tents of which they are however con- 
nected, 


CHAP, VII. 


An Account of ſome new Experiments in Elec- 
tricity, with the Deſcription and Uſe of 


two new Electrical Inſtruments, 


Rofeſſor LicuTENBERG of Gottin- 
gen, ſome time ago made an experi» 
ment upon the electrophorus, an account 
of which was firſt received in London to- 
wards the latter end of the year 1777. 
The phenomena attending the experiment 
are very entertaining and various, but I do 
not know that any perſon ever offered a ſa- 
tisfactory explanation of them. The au- 
thor himſelf, in his paper entitled De 
nova met bodo naturam ac motum fluidi elec- 
trict inveſtigandi Commentatio prior, where- 
in 
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in he gives an account of the experiment, 
does not attempt any explanation of it; 
contenting himſelf with the account only 
of various particulars attending it. —In 
brief, the experiment is as follows ; 


The electrophorus, that is, a plate of 
ſome reſinous ſubſtance, as ſulphur, roſin, 
gum-lac, &c. 1s firſt excited, either by 
rubbing or otherwiſe; then a piece of me- 
tal of any ſhape, at pleaſure, as for in- 
ſtance, a three-legged compaſs, a piece of 
braſs tube, or the like, is ſet upon the elec- 
trophorus, and to this piece of metal fo 
placed, a ſpark is given, of the Electricity 
contrary to that of the plate; this done, 
the piece of metal is removed, by means 
of a ſtick of ſealing-wax or other elec- 
tric, and ſome powder of roſin, kept in 
a linen bag, is ſhaken upon the electro- 
phorus: this powder will be found to 
fall about thoſe points upon the plate, 
which the piece of metal touched, forming 
ſome radiated appearances, much like the 
common repreſentations of ſtars; at the 
ſame time, upon the greateſt part of the 
plate, that is, beſides thoſe ſtars, there is 

| hardly 
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hardly any powder at all. Now, it is to be 
remarked, that if the plate is excited nega- 
tively, and the ſpark given to the metal ſet 
upon it is poſitive, the appearance will be as 
above=deſcribed ; but if, on the contrary, 
the plate is poſitive and the ſparks negative, 
then the powder of roſin will be found to 
fall upon thoſe parts of the plate which in 
the other caſe it left uncovered, and to leave 
the ſtars clean; in ſhort, it will do juſt the 
reverſe of what it did in the other caſe ; or, 
in other words, the powder of roſin will be 
attracted by thoſe parts only of the-elec- 
trophorus which are electrified poſitively. * 
When I firſt obſerved theſe phenomena, I 
thought there was no apparent reaſon why 
the powder of rofin ſhould be attracted by 
thoſe parts of the electrophorus which are 
poſitively electrified, and not by thoſe which 
are negative. The two Electricities are 
certainly contrary to one another; but 
either of them attracts a non-eleQrifted 
body. Infiſting upon this conſideration, 1 
thought that the experiment could be 
explained only upon the ſuppoſition, that 
the powder of roſin, on its falling from the 
a linen 
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linen bag, was actually electrified negative- 
ly ; in which caſe it would have been eaſy 
to account for the phenomena upon the 
well-known principle of bodies contrarily 
electrified attracting each other, and re- 
pelling one another when poſſeſſed of the 


ſame kind of Electricity. 


In order to try the reality of my ſuppo- 
fition by experiments, I inſulated a braſs 
plate upon a glaſs ſtand, and connected a 
very ſenſible electrometer with it ; then 
began ſhaking the powder of roſin upon it, 
in the ſame manner as I had done upon the 
electrophorus, and in a few ſ&onds time 
had the pleaſure to ſee the electrometer di- 
verge with a very manifeſt degree of nega- 
tive Electricity, anſwering my expectations 
exactly. The explanation of the ingenious 
Profeſſor LicuTENBERG's experiment, 
now became very eaſy and natural; for the 
powder of roſin being actually electrified 
negatively, could not be attracted, ex- 
cept by thoſe parts of the electrophorus 
which are in a contrary ſtate, i. e. electri- 
fied poſitively. It is obſerved, that powder 


of roſin anſwers better for this experiment 
than 
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than the powders of other ſubſtances ; and 
accordingly I find that this powder, when 
ſhaken upon the inſulated braſs plate, ſhews 
a ſtronger degree of Electricity than the 
other powders. Indeed the Electricity of 
the powder of roſin, not only when ſhaken 
upon the braſs plate in the manner above- 
mentioned, but ſimply let fall upon it from 
a piece of paper, a ſpoon, &c. is very great; 
half an ounce of this powder being ſuffici- 
ent to let the threads of the electrometer 
diverge as much as they poſſibly can. 


This diſcovery not only affords an eaſy 
explanation of Profeſſor LicuTENBERG'sS 
experiment upon the electrophorus, but 
ſhews a method of exciting powders, which 
has long been a defideratum in the ſcience 
of Electricity. The method is as follows: 
Inſulate a metal plate upon an electric ſtand, 
and connect with it a cork- ball- electro- 
meter; then the powder required to be 
tried, being held in a ſpoon, or other thing, 
at about ſix inches above the plate, is to 
be let fall gradually upon it. In this man- 
ner the Electricity acquired by the powder, 
being communicated to the metal plate, and 


to 
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to the electrometer, is rendered manifeſt by 
the divergence of the threads; and its qua- 
lity may be aſcertained in the uſual man- 
ner. See fig. the 4th of Plate IV. 


It muſt be obſerved, that if the powder 
is of a conducting nature, like the amal- 
gam of metals, ſand, &c. it muſt be held 
in ſome electric ſubſtance, as a glaſs phial, 
a plate of ſealing-wax, or the like. Some- 
times the ſpoon that holds the powder may 
be inſulated ; in which caſe; after the ex- 
periment, the ſpoon will be found poſſeſſed 


of an Electricity rt to that of the 


powder. | Þ "+44 52 


In performing theſe experiments care 
muſt be had to render the powders, and 
whatever they are held in, as free from 
moiſture as poſſible; ſometimes it being 


neceſſary to make them very warm, other- 
wiſe the experiment is apt to fail. The 


following are the particulars that I have 
obſerved with this new method, which 


however are neither numerous, nor often 
repeated; but they may ſuffice to excite 


the 
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the curioſity of thoſe perſons, who have 
leiſure and the opportunity of repeating 
them more at large and in a greater va- 
riety; | 


Powder of rofin; whether it be let fall 
from paper, glaſs, or a metal fpoon, elec- 
trifies the plate ſtrongly negative; the 
ſpoon, if inſulated, remaining ſtrongly po- 
ſtive, Flower of ſulphur produces the 
ſame effect, but in a little Jeſs degree. 
Pounded glafs, let fall from a piece of pa- 
per, made dry and warm, electrifies the 
plate negatively, but not in ſo ſtrong a de- 
gree as roſin. If it is let fall from a braſs 
cup, it electrifies the plate poſitively, but in 
a very ſmall degree. 


Steel-filings let fall either from a glaſs 
phial-ot paper, electrify the plate negative- 
h; bat brafs-filings; treated in the fame 
manner, electrify the plate poſitively, The 
malgam of tin-foil and mercury, gun- 
powder, or very fine emery, electrify the 
plate negatively, when they are let fall upon 
from a glaſs phial. Quickſilver, from 

Ff Aà glafs 
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a glaſs phial, electrifies the plate poſi - 
tively. 


Soot from the chimney, or the aſhes of 
common pit-coals mixed with ſmall cin- 
ders, electrify the plate negatively, when 
let fall from a piece of paper. 


Deſeription of the improved atmoſphericl 
Electrometer. 


- Fig. the ad of the annexed drawing is 
a geometrical repreſentation of my new 
atmoſpherical electrometer, in its real ſize; 
this inſtrument, whoſe firſt hint I received 
from my friend T. Ronavne, Eſq; after 
various trials, I brought to the preſent ſtate 
of perfection, as long ago as the year 1777; 
and immediately after, ſeveral of them were 
made after my pattern by Mr. ADA, 
philoſophical inſtrument maker, in Fleet 
Street. The great difficulty attending the 
conſtruction of this inſtrument, has long dil- 
ſuaded my publiſhing any deſcription of it 
nor had I ever troubled the Royal Soeiet) 
with it, if the obſervations of ſeveral of my 


friends, who have uſed it in England and 
abroad 


ab. 
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abroad, joined to my own repeated experi- 
ments, had not indiſputably confirmed its 
ſuperiority to any other inſtrument of 
that kind. Its particular advantages are: 
J. The ſmallneſs of the ſize; II. Its being 
always ready for experiments, without fear 
of entangling the threads, or having an 
equivocal reſult by the ſluggiſhneſs of its 
motion; III. Its being not diſturbed by 
vind or rain; IV. Its great ſenſibility; and 
V. Its keeping the communicated Electri- 
city longer than any other electrometer. 


The principal part of this inſtrument is 
J glaſs tube CD MN, cemented at the 
bottom into the wooden piece A B, by 
vhich part the inſtrument is to be held 
when uſed for the atmoſphere ; and it alſo 
krves to ſcrew. the inſtrument into its 
wooden caſe A B O, fig. 1. when it is not 
bo be uſed . The upper part of the tube 
1 CD MN, is ſhaped tapering to a ſmaller 
aremity, which is entirely covered with 
ealing-wax, melted by heat, and not ;- diſ- 


* The whole cafe of this electrometer has been 
wade alfo of braſs, and has been found to anſwer bet- 
* than wood, as it does not warp. 

Ff 2 ſolved 
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ſolved by ſpirits. Into this tapering part g 
a ſmall tube is cemented, the lower extre- , 
mity G of which being alſo covered with 
ſealing-wax, projects a ſhort way within 
the tube CD MN. Into this ſmaller J 
tube a wire is cemented, which with its 
under extremity touches the flat piece of MI ch 
ivory H, faſtened to the tube by means of an 
cork ; the upper extremity of the wire 


projects about a quarter of an inch abo x. 
the tube, and ſcrews into the braſs cap gu 
E F, which cap is open at the bottom, andi nc 
ſerves to defend the waxed part of the in- bon 
ſtrument from the rain, &c. In fig. 3 Pi. 
this braſs cap is repreſented as tranſparent: 4. 
in order to ſhew its internal ſhape, and the "yt 
manner in which it is ſcrewed to the wir er: 
projecting above the tube L. The {mall 

tube L, and the upper extremity of H 1 
large tube C D MN, appear like one con fr 
tinued piece, on account of the ſealing... 


wax, which covers them both. The co be ; 
nical corks P of this electrometer, whic noch 
by their repulſion ſhew the Electricity, & rent 
are as ſmall as they can poſſibly be mac. 


and they are ſuſpended by exceedingly Ws. 
| ſily 
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filver wires ; theſe wires are ſhaped in 
2 ring at the top, by which they hang 
very loofely to the flat piece of ivory H, 
which has two holes for that purpoſe. 
By this method of ſuſpenſion, which is 
applicable to every ſort of electrometer, 
the friction is leſſened almoſt to nothing, 
and thence the inſtrument is ſenſible of a 
very ſmall degree of Electricity. IM, and 
KN, are two narrow ſlips of tin-foil, 
ſtuck to the infide of the glaſs CDM N, 
and conimunicating with the wooden bot- 
tom AB ;—they ſerve ta convey off that 
Electricity, which, when the corks touch 
the glaſs, is communicated to it, and being 
xcumulated might diſturb the free motion 
of the corks. | 


In regard to its uſe, this inſtrument may 
ſerve to obſerve the artificial, as well as the 
umoſpherical Electricity. When it is to 
be ſed for artificial Electricity, this elec-⸗ 
trometer is ſet upon a table or other con- 
renjent ſupport, then it is electrified by 
touching the brats cap E F with an electri- 
ted body, which Electricity will ſome- 

Ft 3 times 
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times be preſerved for more than an hour * 
in this ſtate, if any electrified ſubſtance iz 
brought near the cap E F, the corks of the 
electrometer, by their converging or diverg- 
ing more, will ſhew the ſpecies of that 
body's Electricity. | 


Before we proceed, it js neceſſary to re- 
mark, that to communicate any Electrici- 
ty to this electrometer, by means of an 
excited electric, e. g. a piece of ſealing- 
wax (which we ſuppoſe as always nega- 
tively electrified) is not very readily done in 
the uſual manner, becauſe of the cap EH 
being well rounded, and free from points 
or ſharp edges. By the approach of the 
wax, the electrometer will be cauſed to 
diverge ; but as ſoon as the wax is removed, 
the wires immediately collapſe. The belt 
method to electrify it, is to bring the ex- 
cited wax ſo near the cap, that one or both 
the corks may touch the fide of the bottle 
CDMN; after which, they will ſoon 
collapſe and appear unelectrified 3 if now 


IJ once made an electrometer of this ſort, which 
could continue to be electriſied for above 12 houts, 


and that in a room without fire. 
2 the 


t] 


thi 


DO 


re 10 n 
N \. 1 I hom HS 
- - F 1 5 * 3 A = ws * = K . . 72 5 1 * F F 5 Fi 5 3 F 9 AY 


5 
8 
0 


of ELECTRICITY. 439 


the wax is removed, they will again di- 
verge, and remain electrified poſitively. 


In this operation, the wax does not im- 
part any of its Electricity to the electro- 
meter, but only act by means of its at- 
moſphere, v/z. when the excited wax 1s firſt 
brought near the braſs cap E F, (agreeable 
to the well-known law of Electricity, 
and according to Dr. FRANKLIN's hypo- 
theſis) it determines the electric fluid 
naturally belonging to the corks towards 
the cap ; hence the corks repel each other, 
Now, if in this ſtate they touch the fides of 
the glaſs CD MN, they acquire from it a 
quantity of electric fluid equal to that 
which, by the action of the excited wax, 
was driven towards the cap; conſequently 
they collapſe, and appear unelectrified. 
Notwithſtanding this appearance, the cap 
is actually overcharged; ſo that when the 
wax 18 remoyed, the oyerplus of the electric 
fluid, which the corks had acquired from 
the glaſs and tin-foil ſtuck upon it, and 
which was crowded upon the cap, becauſe 
of the negative atmoſphere of the wax, 
now diffuſes itſelf equally throngh the cap, 
the wires, the corks, &c, and therefore the 

Ff 4 corks 
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"xricity. 
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If, inſtead of the ſealing-wax excited ne- 
gatively, an electric poſſeſſed of poſitive 


Electricity be uſed, the electrometer ac- 
-:quires the negative Electricity, and the ex- 
planation, nutatit mutandic, is the ſame as 


above. 


By conſidering this remark it will ap- 
pear, that when this electrometer is electri- 
fied cither poſitively or negatively, and an 
electrified body be brought towards the 
braſs cap, the Electricity of that body will 
be of the ſame kind with that of the elec- 
trometer if the corks increaſe their diver- 
gency ; but it will be of the contrary kind 


aft the corks approach one another. 


When this inſtrument is to be. uſed to 
try the Electricity of the fogs, the air, the 
clouds, &c,- the obſerver is to do nothing 
more than to unſcrew it from its caſe, and, 


holding it by the bottom A B, to preſent it 
to the open air, a little above his head, ſo 
that he may conveniently ſee the corks P, 


which will immediately diverge if there is 


any Electricity; whoſe nature, 7. e. whe- 
ther 
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ther poſitive or negative, may be aſcertain- 
ed by bringing an excited piece of ſealing- 
wax, or other electric, towards the braſs 
cap E F. | 


It is perhaps unneceſſary to remark, that 
this obſervation muſt be made in an open 
place, as the roads out of town, the fields, 


the top of a houſe, &c, 


In the roads between Ifſlingtan and Lon- 
don, I haye often made uſe of this inſtru- 
ment; by which I have confirmed the ob- 
ſervations of THOMAS Ronavyne, Eſq; 
who firſt difcovered the Electricity of the 
fogs, as teſtified by a paper of his publiſhed 
in the Phil. Tranſactions ; and who has re- 
marked, that a fog is very rarely not elec- 
trified, but in froſty weather the air is con- 
ſtantly electrified. 


Promiſcuous Experiments. 


Having had frequent occaſion to obſerve 
how difficult it is to deprive ſealing-wax 
of its Electricity entirely, after it has been 


well excited, I had the curioſity to try 
whether 
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whether water could effect it; in order to 
that, I tied a ſtick of ſealing-wax to a 
filk ſtring, about a yard long, and after 
having excited it very powerfully with flan- 
nel, I plunged it in a tin veſſel full of wa- 
ter, and immediately drawing it out, 
brought a very ſenſible elerometer near it, 
and obſerved, that at firſt it ſhewed no ſign 
of Electricity, but in about half a minute's 
time it manifeſted a ſmall, but very ſenſible 
degree of negative Electricity. A glaſs 
tube treated in the ſame manner, was de- 
| prived of all its Electricity by the water. 


J have often remarked, that after having 
excited a glaſs tube with the amalgamed 
rubber, in the uſual manner, the part of it 
which had been under my hand, was nega- 
tive. - This minus ſtate was ſtill more con- 
ſpicuous, when I graſped with my hand 
the part next above, viz, part of that 
which had been excited poſitively by rub- 
bing. In the ſame manner, when I excite 
a ſtick of ſealing-wax by rubbing it with 
flannel, I often find, that the part of it 
which I had held with my hand was in a 
contrary ſtate of Electricity, viz. poſitive. 

Being 
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Being deſirous of trying the conducting 
power of the effluvia of burning bodies, in 
a manner more ſatisfactory than it had 
hitherto been done, I contrived an inſtru- 
ment for that purpoſe, which is repre- 
ſented in fig. 5 *. The handle of it AB, 
is a glaſs tube, into the extremity B of 
which, a wire EI, and a ſmaller glaſs 
tube BC, are cemented by means of ſeal- 
ing-wax. From the extremity of this 
ſmall tube, another wire G F. proceeds, 
which, as well as the wire E I, is bent at 
top, ſo that the extremities of both wires 
EF may be about one-tenth of an inch 
from one another. G H is a ſmall wire, 
faſtened to the wire F G, and to the extre- 
mity of the handle, ſo that when the in- 
ſtrument is held in one's hand, this wire 
touches the hand. K is a ſmall cork-ball 
electrometer, which, when the inſtrument 
is to be uſed, is affixed to the pin D, which 
proceeds from the wire I E. When ex- 
periments are to be tried with this inſtru- 
ment, the electrometer K muſt be athxed to 
the pin D, and muſt be electrified fo as the 


This fig. is half the real ſize of the inſtrument. 


Cork 
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cork- balls may diverge as far as poſſible: 


this done, the extremities E F of the wires 
are brought within the effluvia that are to 
be tried, which, if they are of a good con- 
ducting nature, will complete the commu- 
nication between the two wires E F, and 
diſcharge the electrometer of its Electri- 
city; otherwiſe the electrometer will re- 
main electrified for a conſiderable time. 
The experiments which I made with this 
inſtrument are neither numerous, nor ſo 
often repeated as to be depended upon; 
excepting one only, which perhaps it will 
not be uſeleſs to mention: I found that 
the fumes ariſing by the action of a lens 
from the amalgam of tin-foil and mercury, 
conducted ſo badly, that the electrometer 
loſt its Electricity in a time very little 
leſs, than is required without any fume; 
whatever. 
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OF THE VINDICATING ELECTRICITY, 


B, ab, fig. 6, repreſents a plate of 

glaſs, coated on both fides with 
the two metallic coatings CD, cd, which 
are not ſtuck to the glaſs plate, bus are TINY 
laid upon it. 


* 


From ai upper coating C D, three filk 
threads proceed, which are united at their 
top H, by which the ſaid coating may be 
removed from the plate in an inſulated 
manner, and may be preſented to an ele&ri- 
fied electrometer, as repreſented in fig. 7, 
in order to examine its Electricity. FG 
is a glaſs ſtand, which inſulates and ſup- 


ports the plate, &c. 
2, Let 


2. Let the plate A B, ab, be charged in 


the common manner, by means of an elec- 
trical machine, ſo that its ſurface A B may 
acquire one kind of Electricity, (which may 

be called K) and the oppoſite ſurface 46 
may acquire the contrary Electricity, 
(which we ſhall call L). Then, if the 
coating C D be removed from the plate, 
and be preſented to an electrified electro- 
meter, as repreſented in fig. 2. it will be 
found poſſeſſed of the Electricity K, vi. 
of the ſame kind with that which was 
communicated to the ſurface AB of the glaſs 
plate ; from whence it is deduced, that the 
ſurface A'B has imparted ſome of its Elec- 
tricity to the coating. Now, this diſpo- 
fition of the charged plate to give part of 
its Electricity to the coating, is what the 
learned. F. BRC RIA nominates the Ne- 
tattiue vindeating Electricity. 


3. If the coating be again and again 
alternately laid npon the plate and, re- 
moved, its Electricity. K, will be found to 
decreaſe gradually, - till after a number of 
times (which 1 is greater or leſs, according 


as the edges of the plate inſulate more or 
leſs 


El: 
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leſs exactly) the coating will not appear 
at all electrified. This ſtate is called tbe 
limit of the two contrary Electricitiss; for if 
now the above-mentioned operation of 
coating and uncoating the plate be con- 
tinued, the coating will be found poſſeſſed 
of the contrary Electricity, viz. the Elec- 
tricity L. This Electricity L. of the 
coating is weak on its firſt appearance, but 
it gradually grows ſtronger and ſtronger 
till a certain degree; then inſenſibly de- 
creaſes, and continues decreafing until the 
glaſs plate has entirely —_ vom aan. of 
Electricity. 


By this change of Electricity in the 
coating, it is deduced, that the ſurface AB 
of the glaſs plate changes property; and 
whereas at firſt it was diſpoſed to part 
with its Electricity, now (viz. beyond the 
limit of the two contrary Electricities) it 
ſeems to vindicate its own property, that is, 
to take from the coating fome Electricity of 
the ſame kind with that of which it was 
charged: hence this diſpoſition was by F. 
BECCARIA called the Poſitive indicating 
Electricity. | 


4. This 
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4. This poſitive vindicating Electricity 
never changes, though the coating be 
touched every time it is removed. It ap- 
pears ſtronger, and laſts a very conſiderable 
time after the plate has been diſcharg- 
ed; which is a very ſurpriſing property of 
glaſs, and probably of all good and folid 
electrics. 


5. If, fobn after the diſcharge of the 
plate, the coating be alternately taken from 
the plate, and replaced, but with the fol- 
lowing law, v:2: that when the coating is 
upon the plate, both coatings be touched at 
the ſame time, and when the coating is off, 
this be either touched or not; then the 
ſurface A B of the plate, on being uncoated 
every time, takes a quantity of Electricity, 
which it alternately loſes every time it is 
coated *. 


6. On removing the coating in a dark 
room, a flaſh of light appears between it 
and the glaſs, which is ſtill more eonſpi- 


This may be proved by touching an inſulated 
_ eleArometer with the coating, when this is ſtanding 


upon the plate, and when ſeparated from it. 
1 cuous, 
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cu6us, if the coating be removed by the 
fingers being applied immediately to it, 
viz, not in an inſulated manner; becauſe, 
when tho coating is not infulated, the glaſs 
plate can give to, or receive from it, more 
of the electric fluid, and that more ws . 
than otherwiſe, 


7. It is obſervable, that in the negative 
vindicating Electricity, the - glaſs loſes a 
greater or leſs portion of Electricity, in an 
inverſe proportion of the charge given to 
the plate, viz. the part loſt is greater 
when the charge has been the weaker; 
for im the poſitive vindicating Electricity, 
the foree of receiving Electricity is the 
ſtronger, when the charge has enn 


eee 4 | ba? 4 Hp 


8. I, after every time that the coating 
CD is removed, the-atmoſpheres E, e, that 
is, the air contiguous to the ſurface of the 
zlaſs plate; be examined; they will be found 
clectrified as in the following table, vix. 
the threads of an electrometer, brought 
within one or two inches, or more, of the 
n A B, ab, will diyerge with Elec- 
95 LG G g tricities 


* 
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trieities [contrary to thoſe pee in the 
table. 


time of the} if the plate kick - - 
ti 1 wa. 
| 13 1 very high - moderately K 


During the the air E, ee — 
o 
Eledricity | the air e is eleQrified L. | 
During the ſ the air E | 
time of the 
ae vin Tre eleftrified L. 
icating 


Elefricity ( The air - 


9. Although we are not acquainted with 
the cauſe of vindicating Electricity, any 
farther than to conſider it as a diſpoſition 
or property of charged glaſs, yet the phe- 
nomena of the Electricities of the air, con- 
tiguous to the ſurfaces of the plate, ſeem 
to be a proper conſequence of Dr. FRANK- 
LIx's theory of Electricity, and are ac- 
countable by it; for it is a well-known 
principle of that theory, that when one 
ſide of a coated electric, fit to receive 4 
charge, acquires a greater quantity of Elec- 
tricity than- the oppoſite fide can acquire 
of the toptrary Electricity, then both ſides 
of that electric appear poſſeſſed of the ſame 
kind of * namely, of that com: 


: municated 
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municated to the firſt- mentioned ſide. 


Now, when in the negative vindicating 


Electricity, the ſurface A B of the glaſs 


plate gives part of its Electricity to the 
coating; then the other ſide ab, being more 


electrified L, than the fide A B is electri- 
fed K, it is plain that, according to the 


ſaid principle, both ſides muſt appear 
electrified L. But in the poſitive vindi- 


eating Electricity, the fide A B of the glaſs 
plate receives ſome Electricity of the kind 


K from the coating, therefore both ſides 
muſt affect the air with the Electricity K. 


10. There remains only to be explained 
the reaſon why, when the plate has re- 
ceived a high charge, the air E, during the 
time of the negative vindicating Electrici- 
ty, appears electrified K, whilſt the air e is 
electrified L. In order to render this ex- 
planation more intelligible, let us ſuppoſe 
the glaſs plate to have been electrified po- 
tively on the fide A B; then, in the ne- 
gative vindicating Electricity, the ſurface 
AB, on being uncoated, loſes a part of its 
Electricity; which is ſo much the greater 
as the charge has been the leſs (F 74) 3 

G g 2 therefore, 
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therefote, when the charge has been mo- 
derate, A B loſes a greater portion of elec- 
tric fluid, than that with which the air z 
can ſupply the ſurface ab ; hence the ſurface 
ab will remain more negatively electrified 


than the ſurface A B is poſitively ; conſe- 


quently, according to the above-mentioned 
principlez($-9.) both the atmoſpheres E, e, 
muſt appear in a negative ſtate when the 
charge has been a certain degree higher; 
then the ſurface A B, on being uncoated, 
lofes juſt ſo much of the electrie fluid as 
the aire can give to ab, therefore the air 
will not appear electrified. But when the 
charge has been very high, A B loſes a leſs 
portion of electric fluid than the air e can 


give to ab; therefore e, by having given 


ſome of its natural electric fluid to as, will 
appear negative, and E will appear poſitive 
in a ſmall degree. If the plate be ſuppoſed 
to have been charged negatively on the ſide 
A B, the explanation of the phenomena is 


the ſame, changing only the name of po- 


ſitive Electricity into negative, &c. 


. This property of charged glaſs, 
called vindicating Electricity, is obſervable 
alſo 
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alſo when two glaſs plates, laid one over 
the other, and coated on their outward 
ſurfaces only, are charged jointly like one 
plate. Suppoſe A B, C D, fig. 8, to re- 
preſent the two plates charged together, 
vg. by having preſented the coating F to 
the prime Conductor, and having at the 
ſame time connected the coating G with 
the ground, in which ſtate, it is eaſy to 
conceive, that the upper ſurface of the 
plate A B would be poſitive, its under ſur- 
face would be negative, the upper ſurface of 
the plate C D, viz. the ſurface contiguous 
to the plate A B, would be poſitive, and its 
oppoſite ſurface G would be negative, 
Now if theſe plates, after having been 
charged, be alternately ſeparated and join- 
ed, without ever touching their coatings, 
it is plain that their ſurfaces, contiguous 
to one another, whenever -the plates are 
ſeparated, will uncoat each other, conſe- 
quently the phenomena of vindicating 
Electricity will take place, that is, each of 
the infide or naked ſurfaces, when the plates 
are firſt ſeparated, will loſe part of its Elec- 
tricity, This loſt Electricity gradually 
decreaſes till it vaniſhes, after which period 
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each of the ſaid ſurfaces will gradually re- 
cover part of its loſt Electricity, &c. 


12. By the principle noticed above, 
(F 9.) when one ſurface of either plate has 
acquired a quantity of one kind of Elec- 
tricity more than the oppoſite ſurface has 
acquired of the other, then both ſurfaces of 
that plate muſt appear poſſeſſed of that and 
the ſame kind of Electricity; hence it fol- 
lows, that when the plates AB, CD, are 
at firſt ſeparted for a certain number of 
times, i. e. during the negative vindicating 
Electricity, the plate A B muſt appear po- 
ſitive on both ſides, and the plate CD 
negative on both ſides; but after the Init 
of the tuo contrary Electricities, when the 
poſitive vindicating Electricity has taken 
place, then the plate A B will appear ne- 
gative on both ſides, and the plate CD 
poſitive on both fides. 


13. The adherence of the plates to one 
another keeps pace with the vindicating 
Electricity; ſo that it is very ſtrong at firſt, 
but gradually decreaſes with the negative 


n Electricity, till it becomes in- 
ſenſible; 


„„ „cc T5 CT UFO EIN 


= 


w.. TO 


APPENDIX 18 
ſenſible; but after the limit of the two 
contrary Electricities it appears again, and 
then it increaſes and decreaſes with the po- 
ſitive vindicating Electricity. 


14. Every other particular relating to 
the phenomena of vindicating Electricity, 
exhibited with one plate, does alſo take 
place in the experiment with two plates; 
except the phenomena conſidered above 
(F 10.), which the two plates cannot ex- 
hibit, on account that they are not capable 
of receiving a very high charge, as a ſingle 
plate is; which high charge is abſolutely 
neceſſary to produce that appearance, 
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N' IT. 


OBSERVATIONS UPON THE CONDUCTORS 
OF LIGHTNING. 


YINCE the publication of the Firſt 
Edition of this Treatiſe, it happened 
that a houſe: belonging to the Board of 
Ordnance, at Purfleet, was ſtruck by light- 
ning, though furniſhed with a Conduc- 
tor. This accident excited anew the con- 
troverſy relating to the conſtruction of 
ConduQtors to ſecure houſes from the ef- 
fects of lightning, eſpecially relating to 
their termination; and various experiments 
were made by very able Electricians, in 
order to decide the controverted point. 
Mr. B. W1LsoNn and Mr. Ep. NAaiRne, 
both members of the Royal Society, were 
the principal actors in this experimental 
inveſtigation; the former giving conſtantly 
the preference to ſhort conductors termi- 
nating in a ball, and the latter preferring 
long Conductors acutely pointed; which 
has been and is the prevailing opinion with 
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almoſt all the principal Electricians in 
England, as well as abroad ; beginning 
from the firſt inventor of thoſe Conduc- 
tors (the great philoſopher Doctor FrRank- 
LIN), Mr. W1Ls80N, the principal and al- 
moſt the ſole opponent of the Franklinian 
conſtruction of Conductors, exhibited ſome 
ingenious electrical experiments uponalarge 
ſcale; which threw great light upon the 
property of points in reſpect to Electricity, 
and ſeem at firſt ſight to decide the queſtion 
in favour of knobbed Conductors, as will 
appear by the following pages. On the 
other fide, Mr. NAIR NE performed ſome 
well-imagined experiments, which ſeem to 
eſtabliſh, beyond any doubt, the prevailing 
opinion in favour of pointed Conductors ; 
which was afterwards ſtill more confirmed 
and elucidated by Lord Manon, in his 
learned work, entitled, Principles Electri- 

aty, and publiſhed in the year 1779. 
Notwithſtanding thoſe various diſquiſi- 
tions, and new obſervations, it ſeems that 
what I had previouſly wrote, relating to 
the conſtruction of Conductors, did not 
require any material alteration ; hence 1 
thought: proper to reprint, in this Second 
| Edition, 
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Edition, exactly that which had been ad- 
vanced relating to Conductors of lightning 
in my firſt publication ; and have reſerved 
for this diſſertation, to make mention of 
thoſe additional remarks, which, in the 
preſent more advanced ſtate of the ſcience, 
are neceſſary to be noticed. Mr. WILsox, 
Mr. NAIR NE, and others, muſt excuſe my 
giving a very ſhort and ſummary account 
of their valuable experiments, ſince the 
limits of this work are by far too ſhort to 
admit a full account of their obſervations. 
I ſhall juſt mention the principal facts aſ- 


certained, ſo as to make evident the deduc- - 


tion which naturally follows them, and 
which is neceſſary to eſtabliſh the preſent 
improved theory of Conductors ; omitting 
thoſe remarks which ſeem to be not effen- 
tial, and even diſpenſing with the particu- 
lar deſcription of the various apparatuſes 
uſed for this purpoſe. The Beoard-houſe, 
ſtruck by lightning on the 12th of May 
1777, had a pointed iron ſpike, which 
projected ten feet above the middlemoſt 
and higheſt part of its roof, and which had 
a continued metallic communication to 


the _ The lightning did no other 
1 1 damage 
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damage to his houſe, than to throw down a 
few ſtones from one of its upper corners, 
which were next to two iron cramps ; 
which cramps had not a metallic commu- 
nication with the Conductor. This cor- 
ner was forty- ſix feet diſtant from the top 
of the Conductor. In this caſe it is dif- 
ficult to ſay, whether the lightning ſtruck 
the Conductor firſt, or the corner of the 
houſe juft over the above-mentioned iron 
cramps, and from thence, being paſſed to 
the metal which communicated with the 
Conductor, was conducted to the ground, 
without cauſing any farther damage to the 
houſe. In the firſt caſe, the point of the 
Conductor would, in all probability, have 
been fuſed, as is generally the caſe ; but no 
mark of fuſion could be perceived on it. 
The ſecond caſe ſeems not very likely to 
have happened, fince the Conductor was 
far above the corner that was ſtruck, and 
lince the lightning is known to ſtrike the 
moſt elevated objects, and thoſe which have 
2 better communication with the earth, in 
preference to any other *. In any caſe, 

the 


* Mr. Nairxe terminates the account of his 
adove-mentioned experiments with the following paſ- 


ſage; 
* « I muſt 
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the only uſeful remark that can be draws 
from this accident is, that all the metallic 
parts, that are in a building, ſhould be con- 
need with the Conductor, otherwiſe it is 
not unlikely, but that, either by a direct 
ſtroke, or by a lateral exploſion, the houſe 
may ſuffer ſome damage from lightning. 
Mr. WiLsoN, who had formerly declared 
his opinion againſt eleyated and pointed 
Conductors, derived from this accident a 


ſtrong proof apparently in fayour of his 
| theory, 


© I muſt beg to intrude a little more on your time, 
© to remark on that part of Mr. Wrrson's paper, 
a where, from his experiments, he ſeems to conclude, 
© that the lightning at Purfleet firſt truck on the 
4c point of the rod of the Conductor, and then, by a 
<< lateral part of that ſtroke, ſtruck the cramp on the 
© coping-ſtone. I believe, if he had examined the 
„ ſituation of the ſtone, and the place where the 
&« cramp was ſtruck, he would have found, that, if 
5 the lightning had ſtruck on the point of the Con- 
% ductor, that, to have produced that effect on the 
“ ſtone, it muſt, after it had ſtruck on the point, 
and paſſed down a quantity, have ſtruck from the 
© metal up into the air, then down again on the 
* cramp, and then again to the metal it had left; for 
* the ſmall dent or hollow made by the lightning was 
< on the upper ſurface of the ſtone, and yet the metal- 


ec lic communication to the earth continued from 
ant | 5 
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theory, and ſoon fat about performing ſe- 
veral experiments, in which the natural 
accident was imitated by art . Mr. 
W1ts@N's great apparatus was fixed in the 
Pantheon, Oxford-ſtreet. It conſiſted prin- 
cipally of the following parts: A cylinder, 
16 inches in diameter, and 155 feet long, 
covered with tin-foil, formed the prime 
Conductor, which was charged by a good 
electrical machine of the common ſort, 
This vaſt Conductor was ſuſpended by va- 
rious filk ſtrings, at a convenient diſtance 


«© the point under the ſtone which was ſtruck; It 
« appears more probable to me, from the trifling 
damage it did, that the charged cloud bad paſſed 
« over the pointed Conductor, and had been ex- 
* hauſted of a great part of its Electricity in paſſing; 
« and that, after it had paſſed, it was attracted down 
« lower by a ridge of hills that was beyond, and that 
the cloud being out of the influence of the point to 
prevent its ſtriking, the end of the cloud might 
* {trike at an angle in the cramp, and fo tothe metal- 
lie part of the Conductor, which was only about 
* 7 inches below. I ſhall conclude with obſerving, 
that Mr. HenLy and myſelf had the pointed rod 
I 06 the Conductor at Purfleet taken down to ex- 

amine the point; but we found no 33 on it 
* that ſhewed that it had been ſtruck.” 


The account of thole experiments is inſerted in 
the 68th vol. of the Phil. Tranſ. 


5 | from 
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from the floor and walls. To this Con- 
ductor there was added a wire 4800 feet 
long, which was alſo ſupported by filk 
ſtrings, and, on account of its prodigious 
length, was bent in a great many places, 
going backwards and forwatds in various 
direftions. Sometimes this wire was ſepa- 
rated from the great cylinder ; but, for the 
generality of experiments, they were made 
to communicate together, ſo as to form one 
extenſive Conductor, —By means of a pro- 
per frame and machinery, a wooden model 
of the above-mentioned houſe, that was 
ſtruck by lightning, was made to paſs with 
different required degrees of velocity under 
and acroſs one end of the great cylinder. 
This model was furniſhed with a Conduc- 
tor at top, which was ſometimes termi- 
nated in a point, and at other times ended 
in a ball, but which was made to commu- 
nicate with the earth by as good a metallic 
communication as can be defired by the 
moſt ſcrupulous experimentator. Whilſt 
the model of the houſe was kept at a pro- 
per diſtance from the great cylinder, and 
after a known number of turns of the 


wheel, the model being let go, paſſed under 


( 1 . the 
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the end of the cylinder with any required 
velocity, and at the moment that paſſed 
immediately under the charged cylinder, 
it received the ſtroke from it upon its Con- 
ductor, &. Now, the principal experi- 
ments which Mr. W1iLsoN made with this 
apparatus, are briefly expreſſed in the fol- 
lowing articles : 


1. When the model was furniſhed with 
a ſharp Conductor, on being made to paſs 
under the charged cylinder, it drew off 
a good deal of the electric fluid from 
it in a filent manner, and that abſorp- 
tion, as it may be ſaid, began long before 
the model came quite under the cylin- 
der, as was ſhewn by the appearance 
of light, &c. The charge which after- 
wards remained in the cylinder was incon- 
ſiderable: all which ſhews the tendency 
that a point has to draw the electric fluid 
blently, and from a diſtance, 


2. If, inſtead of a point, the model was 
furniſhed . with a knobbed Conductor of 
the ſame length with the pointed one, the 
de of electric fluid drawn off in re- 


peating 
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peating the above experiment was not ſo 
conſiderable as before, and it was almoſt 
nothing, if the knobbed Conductor was 
much ſhorter than the pointed one, as 
could have been expected. 


3. When the model with the ſharp Con- 
ductor was made to paſs under the cylinder 
fully charged, the pointed Conductor was 
generally ſtruck with a full and ſtrong ex- 
ploſion; whereas, if the Conductor was ter- 
minated in a ball (though of an equal 
length with the pointed Conductor, and 
conſequently equally diſtant from the cy- 
linder when the model was juſt under it) 
it was not ſtruck, the cylinder remaining 
charged, &c. N 


4. * The weight which moved the mo- 
« del in the preceding experiment, was 
« gradually reduced till it was nearly ba- 
« lanced by the friction; and when the 


cc. motion was rendered ſo flow as ſeven 


« feet ſeven inches in ſeven ſeconds, it 
& was very little accelerated; and in 
* this ſtate the great cylinder being charg- 
ed, the model was ſuffered to-paſs; and, 

though 


APPENDIX: 465 
« though the velocity was leſs than three 


% quarters of a mile in an hour, the point 
« was ſtruck.” 


The iatelligent reader may remark, that 


by the above-mentioned obſervations, the 


already-known properties of points were 


clearly ſhewn ; that the very reaſons before 


advanced by various philoſophers, for pre- 
ferring pointed Conductors of lightning to 
ſuch as are blunted, were confirmed; but, 
however, that one remarkable obſerva- 
tion, which could have been hardly be- 
lieved before, was eſtabliſhed, vis. that a 
point in thoſe circumſtances could receive 
ſo full a ſtroke, as we have mentioned 
above. Indeed this is a very good obſer- 
ration of Mr. W1Lso0N, and a moſt plau- 
lible argument in favour of his opinion 
relating to the conſtruction of the Con- 
ductors of lightning. Hence he expati- 
ates upon the danger of thoſe houſes, 


which are furniſhed with elevated and 


pointed Conductors z and abſolutely re- 
commends knobbed conductors, which are 
either even with, or rather a little ſhorter 
than the top of a building ; fince, lags he, 

H h the 
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the pointed Conductors: invite the light- 
ning. It is almoſt ſuperfluous to remark, 
that it is for that very property, that ele- 
vated and pointed Conductors are prefer- 
able to knobbed ones, wiz. becauſe they 
attract the matter of lightning from a 
greater diſtance: hence they may defend a 
greater extent of building ; hence, by draw- 
ing a conſiderable quantity of electric fluid 
from the clouds, when at a diſtance, fo 
as to leſſen their charge, they may thus 
actually avoid a full exploſion ; the inten- 
tion of putting a Conductor to a houſe, 
being to defend- the houſe from the bad 
effects of lightning, and not the Conduc- 
tor itſelf from attracting the matter of or 
being ſtruck by the lightning. When the 
Conductor of a houſe is ſtruck, the only 
damage it can receive in that caſe, it ſeems, 
can only ariſe from a lateral exploſion 
between the Conductor and other pieces of 
metal, or other very good Conduttors, 
- which. are contained in the houſe, and are 
not properly connected with the Conduc- 
tor. For this reaſon, it is proper to con- 
nect with the Conductor, by a metallic 
communication, all the pieces of metal, 
| + FF nd 
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and indeed other good Conductors, as a 
ciſtern of water, & c. that are in a houſe, 
eſpecially thoſe which are near the outſide, 
and the top of it. This, however, is almoſt 
impoſſible to be done perfectly; but then 
thoſe lateral effects are not of ſo very dan- 
gerous a nature, excepting indeed when 
the building contains ſubſtances of a very 
combuſtible quality, as gun-powder, &c. in 
_ caſe, the moſt ſcrupulous attention 
is tardly ſufficient to prevent any bad ac- 
cident,, Notwithſtanding the obviouſneſs 
of the above-mentioned remarks, Mr. 
WitsoN's experiments determined ſeveral 
perſons in favour of the knobbed Con- 
ductors: hence Mr. NAIR NA undertook 
to oppoſe Mr. Wirsox's theory with a 
clear and convincing ſet of, experiments. 
The prime Conductor uſed by Mr. 
NAtRNE was one foot in diameter, and fix 
et long, conſequently by far ſmaller than 
that uſed by Mr. WiLs0N.- The other 
Pparatus was different, and the electrical 
machine was much more powerful than 
lat uſed by Mr. Witson ®, But with 


* See Mr. NAlxxg's account of thoſe Experi- 
Unts, &c. in the 68th vol. of the Phil. Tranſ. 
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this apparatus he amply ſhows the proper- 
ties of points and knobs, with reſpect to 
Electricity; and, different from Mr. WII- 
SON, ſhows, that in many experiments, and 
under various circumſtances, 'a knob is 
truck in preference to a point. This di- 
verſity of appearances, and reſults of expe- 
riments, in cafes ſeemingly alike, will at 
firſt fight be thought a contradiction; but, 
when duly confidered, the different pheno- 
mena may be all reconciled to a few very 
ſimple and natural propofitions : vzz. 1. A 
point draws the electric fluid from an elec- 
trified body, from a much greater diſtance 
than a blunt-terminated body; but the 
quantity muſt be limited, and fubject to be 
altered by many cauſes ; ſuch are, the de- 
gree of condenſation of the electric fluid 
upon the electrified body; the time given im 
to the point; the acuteneſs of the ſaid point; I wh 
its free or encumbered fituation; its perfect by 
or imperfect © communication with the the 
earth, &c. Thus, if the pointed body be i exp 
not made to communicate with the earth, BJ vos 
but the communication be interrupted by WI but 
a ſhort interval, then, on preſenting a body or 

ſufficiently [charged with electric fluid, 2 fluic 
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the faid point, a full ſpark will go from th 
former to the latter, becauſe the point, 
on account of the interruption of commu- 
nication, cannot diſcharge to the earth, or 
other fit body, the electric fluid by little 
and little, conſequently cannot receive it 
filently from the electrified body to which 
it is expoſed, but can attract only that 
quantity which can leap between the in- 
terruption, and which paſſes in the form of 
a ſpark. Thus alſo, if the point is ſud- 
denly brought within a ſufficient diſtance 
of a ſtrongly-electrified body, it will re- 
ceive a ſpark, becauſe a ſufficient time was 
not allowed it to draw off the electric 
fluid filently, as would happen if the 
point was gradually brought near. After 
the ſame manner, the ingenious reader may 
imagine a great multiplicity of caſes, in 
which. a point may be ſtruck or not ſtruck 
by an electrified body; hence is derived 
the apparent contradiction between the 
experiments of Mr. HENIY, Mr. Wir- 
do, Mr. NAIRNE, and various others: 
but it always remains true, that a pointed 
or ſharp-edged body draws the electric 
fluid from a. greater diſtance than thoſe 

1 bodies 
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bodies which are blunt or more obtuſe, all 
the other circumſtances being the ſame in 
both caſes. * | 


Lord Manon, in his above-mentioned 
work, ſhews a property of electric atmo- 
ſpheres, which he calls the returning ſtrole, 
and which he is of opinion that can - oc- 
caſion great damage in ſome caſes. This is 
that quantity of electric fluid, which, by 
the vicinity of a cloud highly electrified, 
is driven away from certain bodies, and 
which ſuddenly returns to thoſe bodies 
when the cloud happens to diſcharge its 
Electricity by a ſtroke of lightning to any 
other body; for then the atmoſphere 
which kept off the electric fluid of the 
bodies that were within its action, ceaſes at 
once. Our noble author ſhews experi- 
mentally, that ſuch a returning ſtroke may 
occaſion great damage, even at a good diſ- 
tance from the place where the ſtroke of 
lightning happens, and that its effects may 
be very conſiderable; all which confirms 
the already-made obſervation, viz. that all 
the beſt and largeſt conducting. bodies that 


are in a houſe, ſhould be connected with 
the 
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the Conductor of lightning. Without 
detaining my reader with further diſqui- 
ſitions, I ſhall only take notice of the 
moſt notable particulars that ſhould be 
kept in view, and ſhould be conſidered 
as the leading principles in erecting Con- 
ductors for the lightning; and ſhall then 
conelude with the reguiſites neceſſary for 
the proper conſtruction of Conductors, 
which requiſites I ſhall tranſcribe exactly 


from Lord MAanon's work. 


A pointed body attracts the matter of 
lightning more or leſs eaſily, according as it 
is more or leſs acute; according as it is leſs 
or more encumbered by ſurrounding bodies; 
or as it is more or leſs elevated, and as its 
communication with the earth, by means 
of conducting bodies, is more or leſs per- 
tet, The clouds are bad Conductors, and 
in general the electric fluid is not highly 
concentrated on them in proportion to 
their extent; they are often ſeparated from 
each other; they may come towards a Con- 
ductor or a houſe in every direction; and 
move with various velocities at different 


times. The pointed Conductor that is 
Hh 4 erected 
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erected in order to tranſmit the lightning 
with ſafety to the ground, ean only defend 
a limited extent of building, the quantity 
of which varies according to many cir- 
cumſtances. In caſes of powder-maga- 
Zines, and ſuch- like very combuſtible ſub- 
ſtances, great damage may be occaſioned by 
a lateral exploſion or returning ſtroke, if 
the Conductor happened to be ſtruck ; 
which may be only avoided by making a 
proper communication between all the 


ſubſtances of a good conducting nature that 
are in the building. 


In conſequence of all thoſe obſervations, 
and various others mentioned in the courſe 
of this book, it ſeems proper to have in 
view the following inſtructions, in erecting 
Conductors for the lightning. 


I. © That the rods be made of ſuch ſuh- 
ſtances as are, in their nature, the beſt 
- Condudtors of Electricity.“ 

2. That the rods be wninterrupted, 
and perfectly continuous. 

3. * That they be of a ſufficient thick- 

eſs.” 
2 
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4. That they be perfectly connected 
with the common-/tock.” 

5. That the upper extremity of the 
rods be as acutely pointed as poſſi ble. 

6. ** That it be very finely tapered.” 

7. hat it be prominent. N 

8. That each rod be carried, in the 
ſhorteſt convenient directian, from the point 
at its upper end, to the common: tar æ. 

9. That there be neither /arge no 
prominent bodies of metal upon the top of 
the building propoſed to be ſecured, but 
ſuch as are connated with the Conductor by 
ſome proper metallic communication.” 

10. © That there be a ſufficient number 
of high and pointed rods : And, 

11.“ That every part of the rods be 


very ſubſtantially erected.” 
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EXTRACT OF A LET TER FROM MR. AR- 
DEN, LECTURER IN NATURAL PHIL 0- 
eee . DATED SEPTEMBER 25, Log 


BOUT fourteen or fifteen years 
ago, in the preſence of WM. Cox- 
sT Ar, Eſq; at his ſeat at Burton Con- 
ſtable, in Holderneſs, I made the following 


experiments: 


] placed a large coated jar, that would 
hold three or four gallons, directly under 
the prime Conductor of a very good elec- 
trical machine. The prime Conductor 
was at leaſt eight or ten inches above the 
top of the jar, and the communication was 
made by a braſs wire, bent at one end over 
the prime Conductor, and the other end 
paſſed through a ſmall glaſs tube (con- 
trived by Mr. CoxnsTABLE to prevent the 
electric matter from eaſily flying off) was 
ſuſpended in the middle of the jar, and had 

a {mall piece of braſs chain faſtened to it, 


that reſted on the bottom of the jar. 
7 a „I then 


* 
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„ then began to turn the wheel, and, 


after turning about 100 or 150 times, 
as low in the jar as I could ſee for the 
coating, I perceived a ball of fire, much 
reſembling a red-hot iron bullet, and full 
three quarters of an inch in diameter, 
turning round upon its axis, and aſcending 
up the glaſs tube that contained the braſs 
wire, which was the Conductor to the in- 
fide of the jar, | NES 


I immediately aſked Mr. ConsTABLE, 
if he ſaw the ball of fire? he faid, Certainly. 
I faid, I will turn on. He anſwered, By 
all means. I kept turning the wheel, and 
the ball of fire continued turning upon its 
axis, and aſcending up the glaſs tube till 


it got quite upon the top of the prime 


Conductor. There it turned upon its 
axis ſome little time, and then gradually 
deſcended, turning upon its axis as it had 
done in its aſcent, and ſo continued till it 
was {& much below the top of the coating 
that we could no longer ſee it. But ſoon 
after this, a very great flaſh was ſeen; a 
large exploſion was heard, and ftrong ſmell 
of ſulphur was perceived all over the room; 
a round aperture was cut through the fide 

of 


i 
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of the jar, as fine as if it had been cut with 
a diamond, rather more than three quarters 
of an inch in diameter, and between two 
and three inches below the top of the 
coating, and the coating was torn off all 
round the aperture, about three or four 
inches in diameter. The jar was a pretty 
ſtrong one, of crown glaſs. | 

% then took another jar, ſo like the 
firſt, that when both were whole I could 
not eaſily perceive any difference between 
them. I then attempted to charge this 
jar, in the ſame manner as the other, and 
we both obferved it very accurately. No 
ball of fire was ſeen, but preſently the jar 
diſcharged itſelf with a great flaſh and ex- 
ploſion, and at about the ſame part as of 
the firſt jar; but inſtead of the aperture 
which was made in the firſt jar, there was 
a circle about three quarters of an inch 
diameter; as white as chalk, and the coat - 
ing torn off round about it as before. 
pom touching the white part, it dropped 
dut, and Apen he be 1 in a fine 
Pug! * 


« We 


APPENDIX. 477 


«© We broke ſeveral other different · ſiaed 
jars that day, (which made Mr. ConsTa- 
BLE ſay we were in great luck), but with- 
out any thing elſe remarkable. 


« The firſt experiment was made ſoon 
in the afternoon of a clear day, and the ma- 
chine ſtood directly between us and awin- 
dow, which was not above a yard from it. 
I don't hear that this ball of fire has been 
produced by art by any one elſe, to this 
day, although it is often produced by na- 
ture. 81 


*© had the pleaſure of ſeeing Mr. Cox - 
STABLE this day, and of reading the ac- 
count of theſe experiments to him, and, to 
the beſt of his memory, he thought the 
whole was ſtrictly true. 


* Mr. ConsTABLE thinks it would not 
be difficult to repeat the experiment, and to 
produce the ball of fire; at any time, pro- 
vided the jar is large, and not coated to 
near the top, and that the wire communi- 
cating from the prime Conductor to the 
inſide of the jar is made to paſs through a 

ſmall 
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ſmall glaſs tube, (which is certainly of 
great advantage in making experiments of 
this kind) and that the machine acts very 
fron. If not, it will be in vain to _—_ 
it,” 


AFTER. this letter, Dr. Prizes TLEY, 
out of whoſe works it has been tranſcribed, 
ſubjoins the following remarks * :—** The 
fact mentioned in the preceding, letter is 
of a very remarkable nature, and, being 
perfectly well aſcertained, it is of impor- 
tance that it be generally known, and kept 
in view. For though no perſon, that has 


Hitherto been made acquainted with it, has 
been able to repeat the experiment, others 
may be more fortunate. - Dr. FRANKLIN, 


and, if I miſtake not, Mr. CAN TON alſo, 
and myſelf, were preſent when Mr. Hun- 
Ly endeayoured to produce this appear- 
ance; but, though every expedient that any 
of us could ſuggeſt was made uſe of, we 
had no ſucceſs, and I have ſeveral times 


attempted it in vain ſince. I ſhall not, 


e deſiſt from my attempts. 


* |Experimegts on Air, &c. vol v. 
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C Mr. AR DEN 's own evidence 1s abun- 
dantly ſufficient to authenticate the fact, 
and I have fince had from Mr. ConsTa- 
BLE himſelf the ſame account of it. 
Could we repeat this experiment, there 
would not, I think, be any natural pheno- 
menon, in which the electric fluid is con- 
cerned, that we could not imitate at plea- 
ſure. This circumſtance alone makes'it a 
very intereſting object of inveſtigation.” 
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0 ' ' d p od 
e N' IV. 
OBSERVATIONS CONCERNING SOME PRO- 


PERTIES,OF, THE BLECERIC FLUID. 


MONGST the various experiments 
performed by Mr. WiLsox in the 
Pantheon, as mentioned in the preceding 


pages, he made ſome with a long wire, 


which was ſuſpended by filk lines, and 


went in various directions through that 


great building. This wire was 4800 feet 
long, and r of an inch in diameter. It 
conſiſted of many pieces, which were con- 
nected by twiſting the ſeveral ends together. 
— Mr. WiIrso electrified this extended 
wire by means of an electrical machine 
ſituated next to one of its extremities; and 
when the wire was fully charged, which 
happened after a few turns of the Wheel, a 
perſon diſcharged it, by preſenting his 
hand to it, which was attended with a 
ſhort ſpark, but with a very diſagreeable 


ſtrong ſhock. Then Mr. WIIsOox took 
an 152 length of wire, of the ſame di- 


ameter 
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ameter with the above-mentioned extended 
one, and, putting it all coiled together 
upon a glaſs ſtand, charged it with electric 
fluid, by means of the ſame machine, 
and when this wire was fully charged, 
which took place after about half a turn 
of the wheel, a ſpark was taken from it, 
but -which occaſioned a ſenſation by no 
means comparable with that given by the 
extended wire, fince this, though longer 
than the ſpark of the extended wire, was 
haidly to be felt, whereas that was re- 
markably ſtrong. 


The explanation of thoſe effects might 
ally occur to a perſon little verſed in 
Electricity. The extended wire acquired 
much greater quantity of Electricity than 
that which was coiled up, for the ſame 
raſon for which an extended piece of tin- 
foil, twenty ſquare feet wide, and which 
weighs one pound, can acquire incompar- 
y more Electricity than a ſolid ball of 
in, which weighs one pound alſo; name- 
, becauſe the extended wire expoſes a far 
greater ſarface to the free air, than the wire 
ſat is coiled up; and the ſpark given by 
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the coiled wire is longer than that given 
by the other, in ſo much as the electric 
fluid, whatever its quantity may be, can be 
much more condenſed on the coiled than 
on the extended wire ; it being well known, 
that the length of the ſpark given by elec- 
trified Conductors is proportional to the 
condenſation, and not to the quantity of 
electric fluid. 


To obſerve, that the extended wire re- 
quired many turns of the wheel before it 
became charged, whereas the coiled wire 
required leſs than one turn ; the obſerva- 
tions made and mentioned by various writers 
on Electricity, relating to the capacity of 
Conductors under various. circumſtances; 
Dr. FRANKLIN'S experiment of the can 
and chain, and innumerable other experi- 
ments of the like nature, might have con- 
vinced Mr. WII so of the truth of the 
above-mentioned natural and clear expla- 
nation; but, upon thoſe. phenomena Mr. 
Wiso eſtabliſhes a principle which does 
not ſeem ſatisfactory. He imagined, that 


in ſo much the extended wire gave a 


much ſtronger ſhock than that which was 
coiled 
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coiled up, as the electric fluid percurring 
the whole length of the extended wire 
acquired a great degree of velocity; hence 
the impetus with which it ftruek the 
hand or other body preſented to the charg- 


ed wire, occaſioned that diſagreeable ſen- 
ation, which ſenſation was not accom-' 


panied with the ſpark given by the coiled 
wire, becauſe the electric fluid could not ac- 
quire any velocity, as it did not go through 
great extent of conducting ſubſtance; 


This theory ſeems to be not true, for 
the following reaſons. Firſt, It is well 


of conducting ſubſtance, does ih ſome mea- 
ſure refiſt the free paſſage of the eleckric fluid 
through its ſubſtanes; hence the” electrie 
uid, in going through a long Conductor, 
muſt be : retarded rather than accelerated. 
*kcondly, The 'cle&ric fluid being elaſtie, 
Whenever a way is open for it to eſeape our 
of a Cotductor, upon Which it has been 
confined; it muſt exert its greateſt Fore A 
brſt ; that is, the quantity of it, which cbmes 
Nt at firſt, has the greateſt velocity, becauſe 
od it is 8 by the greateſt expanſive 
Ii 2 force ; 


known that metal, and in general any fort 
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force; but, according as more and more of 
the electric fluid comes out of the Conduc- 
tor, that impelling force or elaſticity 
leſſens; hence the laſt particles of electric 
fluid come out of the Conductor with leſs 
velocity; thus in a condenſing fountain, 
out of which the ſtream of water iſſues, on 
account of the elaſticity of the air con- 
denſed in the cavity of the inſtrument, the 
ſtream at firſt comes out with greater vio- 
lence, and mounts higher up, but after- 
wards loſes its velocity by degrees, becauſe 
the condenſed air becomes gradually leſs 
and leſs condenſed, and conſequently exerts 
a force continually ſmaller and ſmaller 
againſt the water. Laſtly, It may be ob- 
ſerved in general, as it has been proved by 
many experiments, that if two unequal 
Conductors, one of which A is more ex- 
tended than the other B, diſcharge equal 
quantities of electric fluid under the form 
of ſparks from like terminations, the ſpark 
given by A is leſs ſtrong than the ſpark 
given by B, and that for the above- men- 
tioned reaſons. 


Notwithſtanding 
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Notwithſtanding the obviouſneſs of thoſe 
remarks, Mr. WILSON, fince he firſt made 
the experiments at the Pantheon, ſeems to 
have become continually more and more 
attached to his opinion, ſo that about two 
years ago, he publiſhed a ſmall tract, en- 
titled A ſhort View of Electricity, in which 
he endeavours to eſtabliſh his theory of the 
acceleration of the electric fluid, &c. upon 
mathematical principles. This. ſtep de- 
termined me to take notice of it in this 


Appendix, in order to prevent any wrong 


notions in the heads of novices ; for per- 
ſons who are not converſant with mathe- 
matics, will take any propoſition for true, 
when, they are aſſured that it is mathema- 
tically ſo, Mr. W11s0N's_ theorem con- 
ceals a fallacy, and ſhews that a perſon 
rery well ſkilled in a ſcience, as Mr. W1L- 
sox is in Electricity, can eaſily fall into a 
miſtake, when he is too much attached to 
afayourite opinion,-Mr, WILsox's words 
e as follow: | 


«Upon Acceleration.” 
* The experiments at the Pantheon, 


q: which were intended to ſhew the accele- 
Ii 3 ration 
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* ration of the fluid, having been objected 
* to by many, who have not ſufficiently 
* attended to the known properties of the 
« elaſtic fluid, it has been thought proper 
* here to eſtabliſh this-very material point 
% upon mathematical principles, with a 
% view to put an end to all farther diſ- 
«« putes on the ſubject. 


But before this is done, it may be 
« neceſlary to mention a material fact that 
% was omitted in the account of thoſe ex- 
«© periments ; which is this, 


„ The ſhock received at the middle of 
the long wire, was confiderably leſs than 
* that which was received at either end. 


%%, HRE OR E N. 


— 
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« Let A B repreſent a cylinder of a 
* given diameter, and ſuppoſe this cylin- 
* der charged with the electric fluid. I 
fo fay, if all, the particles of this fluid are 


, moyed, at the ſame inſtant towards A, 
be the 


. 
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the effect produced by the ſhock of this 
fluid at A will be nearly proportional 
to the ſquare of A B; for the total ef- 
fect at A is equal to the fam of the ef- 
fect of each particle contained in the 
cylinder A B: and the effect of each 
particle being proportional to its velo- 
city, the total effect at A will be propor- 
tional to the ſum of all the velocities. 
But fince the fluid is ſuppoſed nearly 
perfectly elaſtic, all the particles will 
arrive at A nearly at the ſame inſtant ; 
then the velocity of each particle will 
be proportional to the diſtance from the 
place it ſets out, and the total effect at 
A will be proportional to the ſum of all 


thoſe diſtances. 


« But all thoſe diſtances are expreſſed 
by the following numbers, 1, 2, 3, 4, 5, 
K.. N N expreſſing the 
length A B) in an arithmetical progreſ- 
ſion. Then the ſum of all the diſtances 
will be expreſſed by the ſum of the 
arithmetical progreſſion 1, 2, 3, 4, 5, 


1 &c, — ww N, and the effect at A 


114 « will 
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* will be proportional to this ſym, that is 
« to ſay, to N* or AB.. Q. E. D.“ 


Mr. Wirsox's abſtract propoſition is 
certainly evident, viz. © That if all the 
particles of the electric fluid are moved at 
the ſame inſtant towards A, (by which, I 
ſuppoſe, he means if they arrive at A in 
the ſame inſtant of time) the effect produ- 
ced by the ſhock of this, fluid at A will be 
nearly proportional to the ſquare of A B.“ 
But this propoſition cannot be poſſibly ap- 
plied to the matter of fact, or actual expe- 
riment, ſince the condition upon which the 
propoſition depends cannot be verified; 
Dix. we do not know whether or no the 
particles of the electric fluid that are in the 
long wire, do all arrive at one end of it 
preeiſely at the ſame time. Beſides, we 
may ſafely ſay, that from the conſiderations 
mentioned in the preceding pages, and from 
the analogy of other natural phenomena, 
it appears that they do not, and cannot 
arrive to the extremity of the wire preciſely 


at the ſame time. Between the particles of 


electric fluid which: arrive firſt at one ex- 
tremity of the wire, and thoſe which ar- 
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rive haſt at the ſame extremity, there is an 
interval, a difference of time. Mr. WII- 
SON fays, all the particles will arrive at 
A, nearly at the ſame inſtant.” Now, even 
that nearly implies a length of time, which, 
however imperceptible it may *be to our 
ſenſes, is yet ſufficient for ' the natural 
operation. For inſtance, ſuppoſe that the 
extended and electrified wire is a mile 
long, and alſo ſuppoſe that a quantity of 
electric fluid emplsys one hundredth part 
of a ſecond of time to percur that length of 
wire, and that without acceleration, or 
even with a little retardation, which is by 
no means an exaggerated ſuppoſition. Now, 
if a way be opened to the electric fluid in 
the wire, viz. the hand, &c. be prefented 
to one extremity of it, the neareſt particles 
of the electric fluid will cohhe out firſt, and 
the remoteſt laſt; yet that difference, 
agrecably to the ſuppoſition, does not ex- 
ceed one hundredth part of a ſecond, which 
is abſolutely unperceivable by our ſenſes ; 
ſo that the appearance is exactly the ſame 
as if all the particles of the electric fluid 
came out of the, extremity of the wire 
preciſely at the ſame inſtant of time. IL 


think, 
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think, therefore, that what Mr. WitsoN 


imagines to have eſtabliſhed upon mathe- 
matical principles, is far from being mathe- 
matically demonſtrable. Without dwelling 
any longer upon Mr WIILsox's propoſition, 
and the corollaries which he deduces from 
it, I hall only take notice of a remarkable 


experiment he made at the Pantheon, 


with the already mentioned apparatus; 
which, however, he attributes to the ac- 
cumulated velocity, which the electric fluid 
acquired in percurring the ſubſtance of a 
very long Conductor. 


Mr. Wizson fired gun-powder by 
means of the ſtream of electric fluid, but 
without fpark ar ſhock. The method is as 
follows, in his oπ¹n words: Upon a ſtaff 
4 f baked wootba ſtem of braſs was fixed, 
«©. which: terminated in an iron point at the 
<«- top  'This point was put into the end 
«© off a ſmall tube of Indian paper, made 
« ſomewhat in the form of a cartridge, 
about two tenths of an inch in diameter. 
«When: this cartridge was filled with 
% common gun - powder, (unbruiſed) the 
„ wire-of communication with the well 
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« was then faſtened to the bottom of the 
e braſs ſtem. Being ſo circumſtanced, and 
« whilſt the charge in the great cylinder 
„ and wire was continually kept up by 
e the motion of the wheel, the top of the 
« cartridge was brought ſo near to the 
« drums as frequently to touch the metal. 
6 Tn this ſituation, a fmall, faint, lumi- 
©« nous ſtream was obſerved between the 
“ top of the cartridge and the metal 
e drum. 


« Sometimes this ſtream would ſet fire 
« to the gun-powder at the inſtant of the 
<« application; at others, it would require 
„ half a minute, or more, before it took 
« effect. But this difference in time 
might probably ariſe from ſome differ- 
* ence in the circumitances ; for any the 
* leaſt moiſture, &c.“ 


It ſeems that in this experiment the gun-- 
powder was fired by the heat occaſioned 
by the denſe ſtream iſſuing out of the vaſt 
Conductar, which diſcharged a prodigious 
quantity of electric fluid in that concen- 
ö trated manner. This experiment was af- 
terwards 
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terwards imitated by Mr. NAIRx E, with 
the Leyden phial. When a large electric 
jar was charged, Mr. NaiRxe preſented 
the cartridge of gun-powder, ſimilar to 
that uſed by Mr. W1LsoN, to the knob of 
the jar, and the powder was fired without 
any exploſion of the jar. In this experi- 
ment, the wire upon which the cartridge 
was fixed, did not communicate with the 
outſide of the jar by a good conducting 
communication, but both the outſide of 
the jar, and the ſaid wire, did communicate 
with the ground; ſo that it may be ſaid, 
that the circuit between the two fides of 
the jar was imperfect ; hence the diſcharge 
was not made by a full exploſion. 


I ſhall laſtly conclude this work, with 
juſt mentioning ſome very remarkable im- 
provements lately made by Mr. Vor rA, 
an account of which he has ſent to the 
Royal, Society, — This great philoſopher 
bas advanced the ſeience of Electricity a 
good ttep beyond what was known a year 
or two ago, fince he has found the means 
af diſcovering exceedingly ſmall degrees of 
Electricity, and ſuch as ate not perceivable 
ö | by 
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by any other method already known. Mr. 
VoLTA obſerves, that when a metal plate, 
belonging to his electrophorus, is charged 
with Electricity, if it be laid flat upon an 
imperfect Conductor, as for inſtance, upon 
a very dry piece of wood, a dry marble lab, 
an oil-cloth, &c. it will preſerve the Elec- 
tricity for an incomparably longer time 
than if it were kept inſulated in the air ; and 
farther, that it will preſerve the Electri- 
city, even if it be touched ſeveral times 
with the finger, or other inſulated Con- 
ductor, whilſt it ſtands upon the imperfect 
Conductor; ſo that if afterwards it be 
taken up by its glaſs handle, it will ſtill 
give a ſenſible ſpark.—If the ſaid metal 
plate, or other conducting body, inſtead of 
being laid flat, be made to touch the im- 
perfectly - conducting plane edgeways, the 
Electricity is immediately loſt. — If the 
imperfectly-conducting plane be inſulated, 
the electrified metal plate that is laid upon 
it will not preſerve the Electricity nearly 
ſo long as when the bai r 18 not Mie 
lated. * 


4 _— 


* A metal 
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A metal plate, by being laid flat upon 
an imperfect Conductor, is not only 
enabled to retain its Electricity much 
longer than when inſulated in the moſt 
perfect manner, but it does alſo acquire the 
property of receiving Electricity from ſuch 
bodies, which either for their imperfect 
eleqric nature, or for the ſmallneſs of their 


fize, could not communicate to it any ſen- 


fible degree of electricity. Thus, if whilſt 
the unelectrified plate is laid in full and flat 
contact with an imperfect, and not-inſu- 
lated conducting plane, it be ſtroked a num- 
ber of times with a piece of paper, or 
linen, not quite damp, or with leather, and 
even with the naked and dry hand, or with 
the knob of a phial juſt diſcharged by a 
compleat communication between its ſides, 
it will from thence acquire a ſmall indeed, 
but fenfible degree of Electricity, ſo that 
if afterwards it be taken up by its glaſs 
handle, and be preſented to an electro- 
meter, it will ſenſibly affect it, and ſome- 
times it will even give a ſmall ſpark if the 
finger is preſented to it. 


Mr. 
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Mr. VoLTA juſtly attributes the cauſe 
of thoſe phenomena to the metallic plate's 
increaſed capacity for holding electric fluid, 
whilſt it ſtands in flat contact with an im- 
perfect Conductor, and to its capacity be- 
ing diminiſhed when it is ſeparated from 
that contact. 


My judicious reader muſt eafily perceive 
that this principle is applicable to an innu- 
merable number of purpoſes ; as, to the 
examination of the weakeſt atmoſpherical 
Electricity, to the excitation of imperfect 
electrics, &c.; it is therefore very proper 
for thoſe who are anxious to diſtinguiſh 
themſelves in Electricity, to purſue the 
hint, and enlarge this principle, which 
ſeems to open the eaſieſt road to numerous 
and important diſcoveries. 
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A. 


R, eleQrified naturally, 72, 392, 397, 441 ; eleftrified 
artificially, 335 ; condenſed, or much rarefied, obſtrucs 
excitation, gz receiving a charge, 280 ; heated by red- 
hot iron becomes a Conductor, 333 ; heated by red-hot 
laſs becomes a very bad Conductor, 334; a current of 
it from electriſied points, 41, 291. 
Acceleration of the electric fluid examined, 480. 
Amalgam deſcribed, 141. . 
Animals, the effects of Electricity upon, 41, 42, 60, 87. 
Apparatus, electrical, deſcribed, 132, 163. 
Atmoſphere, its Electricity, 72, 392, 397, 441; of ſmokey 
37 ; electrical, viſible in vacuo, 236. 
Atmoſpbirical, Electricity, 72, 392, 397, 441 ; electrometers, 
„434 SE 
N between bodies differently electriſied, 423 
experiments = 1853 its cauſe, 109. ; 
Aurora borealis, ſuppoſed to be an electrical phenomenon, 
73 3 imitated, 233» 


Balls, dancing, 349 ; of fire, 329, 

Battery, 1 58; — of, 1 
experiments performed with it, 317. 

Balls, electriſied, 344. 

Black duff, raiſed from metals by electrical exploſions, 62, 
6 


3+ 
Black firokes marked upon colours, 414. 
ru or pencil of electric * 214. 


46, 1713 


C. Capes 


EX DU 1 . 


C. 


Cipacity of ConduAtors, 39. uote 

Capillary tubes electriſied, 44, 344. 

Card, 'pierced by the electric exploſion, 258; effects of 
electric ſhocks on it, 260. 

Cement for electrical purpoſes deſcribed, 136. 

Charcoal, its properties reſpecting Electricity, 13. 

Charged Electric, 53, 279. 

Charging and diſcharging in general, 55, 57, 60; aglaſs jar, 
180j 240; à battery, 181 ; other electrics beſides glaſs, 
148, 279. 

Chocolate, its Electricity, 26; its power reſtored when loſt, 27, 

Circles, marked upon metals s electric exploſions, 66, 
326 ; fairy, 324. 

| Clouds, generally electriſied, 72 ; their influence upon the 
kite, 

a 54s ; glaſs, 146, 1473 a plate of air, 280; other 
electrics, 286. 

Cobefinn between electrifled bodies, 409. 

Colours, priſmatic, marked by electrie exploſions upon me- 
tals, 66, 326; ditto upon glaſs, 61, 262 ; experiments 
upon, 414- 

Communicated Electricity, 33, 36, 46. 

Compoſition for lining glais globes or cylinders, 137. 

Conductor, prime, 135, 143; luminous, 229. 

Condufors, 3; a table of. 16 ; their nature, 1233 ob- 

ſtructing the paſſage of E!eRricity, 59, 322 3'merallic, to 
— * Feildngs, &c. from the effects of lightning, 76. 


456. 
Cap, eleQrified, 340. 
Current of air from efectrifed points, 41, 291. 
Cuſbion or rubber, 141. 


D. 


Diſeaſe cured by Electricity, 64; method of caring 
| 30g. TINY 
Dicks ing rod, What, 130 deſcription of one, 172- 

5 ck, raiſed: from metals by ele. ie Ho 55 
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Earthquakes, 1 to be eſells of kbsascih; 44 e. 
tated, 2 327. Kü 
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Eharic atmoſphere, whether it does exiſt or not, 130; bodiey 
immerged in it how affected, 36, 100 z does not exclude 
the air, 249 ; in vacuo, 236. 

Electric fluid, 106; its nature, 112; its place, 126; a 
ſingle fluid, 106, 237; its courſe ſhewn, 251, 252» 254. 

256, 320; pumped by the action of rubbing, 108. 

» Elearic 170, different appearances of, 2, 17 ; electric at- 
traction and repulſion ſhewn by it, 342 ; in vacuo, 229» 
231, 233, 236; experiments upon it, 214 ; its priſmatis 
colours, 239 ; peculiarly penetrating, 225, 261. 

Elaric ſpark, 2, 35, 1443 ſhock, 56, 57 ; attraction and 
repulhon, 1, 42, 185 ; fly, 174, 291 ; ſtar, 17, 2145 
well, 196. 

Electrical air thermometer, 269 ; apparatus, 132 ; battery, 
$8, 146, 171; bells, 344; machines, 3, 134, 1523 

pider, 364. 


Elearicity, 2 ; poſitive or plus, and negative or minus, 15, 


20, 107 ; Vitreous, 19; reſinous, 20 ; perpetual, 27, 
404 ; rendered more conſpicuous by contracting the elec» 
trified body, 340; produced different ways, 241 Commu» 
nicated to Conductors, 33; communicated to electrics, 
6.3 . hypotheſis of, 106; pervading the ſubſtance of 
-onductors, 339; atmoſpherical, 69, 392, 3974. not 
conſpicuous within the cavities of electrified bodies, 131, 
196; firiog inflammable ſubſtances, 65, 223, 272, 4903 
melts metals, 61, 319, 323; the cauſe of thunder and 
lightning, 70 ; promotes vegetation, 43; promotes eva- 
_ Poration, 42, 43 ; promotes the circulation of fluids, 42, 
87-3. zegative, ſaid to retard animal and vegetable life, 
433 of the air, 72; of the kite, 358, 392; of the 
clouds, rain, ſnow, and hail, 72 ; not produced by fer- 
mentation, evaporation, or coagulation, 102 ; applied aa 
a remedy for ſeveral diſeaſes, 84, 303 ;_ different, pros 
duced by different rubbers, 20; vindicating, 354, 448. 
Elearteities, the two, 15 ; their peculiar appearances, 16. 
Eltarics, what, 2; a table of, 7; become Conductors when 
made very hot, 8, 531, 333 3 their nature, 123 ; refinous 
and fluid, coated, 286. | 
Elefrometer, what, 150; deſcription of, 164 ; diſchargin 
166; quadrant, ze atmoſpherical, 395, 434 for 
rain, 400; for the pocket, 402 3 Randard of that uſed 
with the kite, 369. Q, \ 
Elearophorus, what, 404, experiments with it, 404, 427. 
Evaporation, increaſed by Electricity, 42, 43; does not 


ce Electricity, 103. 0d. 
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Excitation, what, 2; by rubbing, 24; by heating and 

cooling, 28; by melting, 255 encreaſed by amalgam, 
141. 

Bxperiments, electrical, concerning attraction and repulſion, 

185; on electric light, 214; with the Leyden phial, 
240; with other charged electtics, 2793 on the influence 
of points, and the uſefulneſs of pointed metallic Con- 
ductors to defend buildings from the effects of lightning, 
288 ; with the eleftrical battery, 317; promiſcuous, 
18 420, 441; new, 357 ; performed with the electrical 

ite, 370 ; performed with the atmoſpherical and rain 

eleQrometers, 395; ; with the electrophorus, 404, 487.5 on 
colours, 414+ 


F. 


Fairy rings, 526. . 

Falling far, thought to be an electrical phenomenon, 73. 

Fermentation does not produce Electricity, 102, ' 

Fire, its origin, 1143 different ſtates of its exiſtence, 1153 

its reſemblance to the electric fluid, 116. 

Fluid, electric, ſee Electric fluid. 

9, electrical, 174, 291. 

Fogs, eleQrified, 72; 441; the atmoſpherical Electricity 
frong i in time of, 399: 


G. 


c the beſt ſubſtance for electrical purpoſes, 135 ; ſome- 

times a Conductor, 8, 148; glodes and cvlind ts, 136; 

.. veſſels exhauſted, or with-che air condenſed, g; tubes, 
- 145 3 exhauſted conducting tube, 231; tube containing 
"quickfilver, 424; the thipneit acquires the Higheſt 
charge, 55, 146. 

Cun- young fired by means of Electricity, 272, 490, 493. 


H. 
Hail, elerified, 72. 


Ey potbeſs of Electricity, 106. 
Hurricanes RE to be etfects of n. 73+ 


I. 


Ee an electric when froze very hard, 10. 
5 Inſulated 


EE 
Inſulated metallic rods, to attract the Electricity from the 


clouds, 71. 
Inſulation, 4 ; the conſtruction of ſtools for, 175. 


K. 


Kite, electrical, to attract the Electricity of the clouds, 71 3 

its conſtruction, 359; experiments made with it, 3703 
propoſitions deduced from the experiments made wich it, 
392; conſtruction of its ſtring, 362. | 


L. 


Lateral explofion, 276. 

Leyden phial, 53 ; when diſcovered, 54 ; its coating, 147 ; 

bodies without the circuit affected by the exploſion of it, 
276; its two ſides contrarily electriſied, 53; its ſpon- 
taneous diſcharge, 148, 181, 265 ; incapable of becom- 
ing charged when inſulated, 53, 243; its redundant 
Electricity, 352 5 experiments with it, 240 ; to put into 
the pocket when charged, 367. . 

Leyden vacuum, 256. 

Light, electric, fee Electric light. 

Lightning, an electrical phenomenon, 70 ; imitated, 282 ; 
its pernicious eſſects avoided, 76, 82, 297, 456. l 

Luminous Conductor, 229. 


M. 


Machines, electrical, 3; their conſtruction in general, 134 
the deſcription of ſome particular ones, 152 ; for ex- 
hibiting perpetual Electricity, 404. | 

Magneti/m, not affecting Electricity, 45 ; given by the 
electric exploſion, 63. 

Medical Rledriciq, 84, 303. ones 

Metallic Conductors, 76 ; their uſe exemplified, 297, 456. 

Metals, the beſt Conductors, 10; conduct the electric fluid 
through their ſubſtance, 339; melted by Electricity, 61, 
319; calcined and revivified by Electricity, 63 ; ftrack 
into glaſs by the electric exploſions, 61; coloured rings 
marked upon them by electric exploſions, 66, 326 ;. 
circles marked upon them by the exploſions, 65, 3243 
in part reſiſt the paſſage of the electric fluid, 59, 3223 
the difference of their conducting power, how aſcertained, 
320, 322. | | 
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Maat or negative EleQricity, 15, 107. 


N. 


Negative Electricity, 15, 105. 
Non-condudtors the ſame as electrics, 4. 


p. 


Paper, 75 of, pierced by the electric exploſios, 258. 


Pencil of rays, 17, 214. 

Perpetual Electricity, 27, 404 ; the machine for 2 
it, 404. 

Perſonal ſecurity in time of a thunder- ſtorm, 82. 

Phoſphorus, Mr. Ca x rox's, deſcribed, and illuminated by 
Electricity, 226. 

Phlogifton, its exiſtence, 116 ; ſuppoſed to be the cauſe of 
the conducting quality in bodies, 125, 

Polarity deſtroyed, reverſed, and given to needles by the 
electric exploſions, 63. 

Pofitive or plus Electricity, 15, 20, 107. 

Pointed bodies, their influence, 40; their properties exem- 

| Plified and explained, 288, 295, 2973 a current of air 
from them when electrified, 41, 291. 

Prime Conductor, 135 ; deſcribed, 143; laminous, 229. 

Pul/ation, increaſed by Electrization, 42, 7 


R. 


Rain, generally electrified, 72 ; electrometer for the, 400. 

Repulſion, electrical, 2, 100; its cauſe, 109. 

Re/iduum of the charge, 183. 

Refinous Electricity, 20. 

Rings, fairy, 324+ | 

Rubber, 2 ; its conſtruction for an cleAricat machine, 1 tf 
for a glaſs tube, 145 ; for ear Proms, &C. 145 difter- 
ent Electricity produced by different, 20; its! earicity | 
different from that of the electric, 15, 19. 1 

Rules, practical, 176. 


8. 


Safety, perſonal, in caſe of thunder-ſtorms, $2. . 

Saked firing for the kite, 364; threads for "cletirameters, 
164. 

— ax excited by melting, 26; very uſeful. for the 

: — * of electrophoruſes, 408. 

Sheck, eleAric, what, 57 ; weakened by the. lepgth of the 


Conductor, 59, 182; n animal and r 
te, 


Lo 0 


life, 60 ; melts metals, 61, 319; calcines and reviviſies 
metals, 63 ; acts as a phlogiſtic proceſs upon different 
kinds of air, 67; given to one or more perſons, 241 ; 
ſmall ones are more efficacious in phyſical caſes, 89, 


o8. 

PE... electriſied, 72. 

Spark, electric, 2, 144 3 its effects 2 an animal body, 
5; ſhorter and ſtronger from charged electrics than 
om electriſied Conductors, 57; viſible in water, 60, 

267 ; diſplaces and rarehes the air, 269. 

Spider, electric, 346. 

Star, electric, 17, 214 ; falling, thought to be an electrical 
henomenon, 73. 

Sulphur excited by melting, 25. 

Syphon, capillary, electriſied, 344+ 


T. 


Theory of Electricity, 106. 

Thunder an electrical phenomenon, 71, 72; imitated, 
282. | 

Thunder-houſe, 297. 

Teurmalin, 28; its properties, 29; its properties found ia 
other precious ſtones, 32. * 

Tube, gla/i, 145 ; acquiring ſucceſſive zones of poſitive and 
negative Electricity, 48; conducting, 231 ; ſpiral, 347 3 
containing quickfilver, 424. 


V. 


Vacuum, 9, 45 ; Leyden, 237, 256. 6. 
Vegetables, deſtroyed by electric exploſions, 60; their ve- 
getation promoted by Electrization, 43. 


Vindicating Electricity, 354, 445+ 
Vitreous Hare, 19. 
W. 


Water running from a pipe eleQrified the 
ſpark viſible in it, 60, 1 ene 


Mater pont, thought to be an electrical phenomenon, 73 3 
imitated, 283. 
Well, electric, 196. 
Whirlwind, thought to be an electrical phenomenon, 73 ; 

imitated, 284. 


Wind from ele&rified points, 41 ; from other elearified 
bodies, 45. 
1 


PATENT OFFICE LIRRART 


. 


3 we ns ES LR IH fy 


Page 5, . the firfl and ſecond lines read, Of Electries and Condut - 


116, line aw for whenever, read wherever, 
151, 7 for RINNERSLEY, read KIXNXZIMS TI. 
53, » for numbe ro frubbers, read number of rubbers, 
168, 14, for of, read with. 
228, 12, for W., read I. 
232, 12, for preſſes, read paſſes. 
236, 2 for inſulate, read coat. 
396, laſt, for twice read twine. 
434» 9, for the annexed drawing, read Plate Iv . 
4 5, for act, read acts. 
2 12, for viz. 1. A, read viz. A. 
492. 12, for inſulated, read uninſulated. 


Works publiſhed by the ſame Author. 


Treatiſe on the Nature and Properties of 
Air, and other permanently Elaſtic Fluids; 

to which is prefixed an Introduction to Chymiſ- 
Quarto, with Plates, 


An Eſſay on the Theory and practice of Me- 
dical Electricity. Octavo, with a plate. 5 
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